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Chapter 17

SOLVING EQUATIONS AND INEQUALITIES

Introduction

17-1

In Priglish it is possible to write statements that,are not true

as well as statements that are true. When you say, "This cat is an

animal with four legs," the statement is true if the thing you are

pointing to is a normal cat. On the other hand, it is not true if

you say, "An airplane is an animal with fourlegs."

In your arithmetic work in the lower grades, you probably gave

"wrong" answers to some problems once in a while. When this happened,

you had written a Mathematical statement that was not true.

Many tests have sentences with blanks where you are supposed to

write a word or two to complete the sentence. If you write the correct

word, the sentence is a true statement. If you write the wrong word,

the stetement.is false. For instance, the foXlowing:

tl was the first President of the United

.States.",

"Washington" makes the statement true. ",Lincoln" makes it false.

In mathematics, just as in English, there are different kinds of

sentences. When you say AB 1 CD , or A ABC XYZ , you are

making statements which may or may not be true, but they are different

kinds of statements from

3 + 2 5 .

The last statement says that the number named on the leside of
1

the equal sign is the same number as the number named on the right

side. That is; "The sum, three plus '67401 is five."

X :

Suppose we replace the 3 4r1 the statement above with a variable,

x 2 = 5 .

2

70.
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This equation is a sentence that claims there is a number with which

we can replace the variable, x , to make a true statement. The

solution of the equation is the number used to make it true. In

x + 2 ..5 the solution is 3 . No other number makes the sentence

true. (Of, course you know that there are many names for 3 :

6
, 3 X 1 , 3 + 0 , 4.- 1 , etc., but it is easiest .to recognize

the ordinary name, 3 and that is the one you would expect to see

in the solution.) For some equations there is no solution. For

instance, there is no real number to replace x in the equation

x = 1/ andand make the sentence true.

An equation can be so simpl that its solution is perfectly

obvious. In x = 2 , for instance, you see at once that'replacing

the variable with 2 makes the sentence true: 2 = 2 .

Some equations, however, are not so easy to solve. In this chapter

you will learn ways to solve equations like these: 3x + 4 = 2x'+ 1,

and x
2

+ 4x + 4 = 1 .

You will see that in some equations more than one number is a

solution. You will also find out how tOsolve'inequalities like

x + 3 < 5

Class Discussion

In order to solve equations it is helpful to look first at mathe-

matical statements without variables

Take a true statement like

3 + 4 . 7 .

Suppose' you multiply the number (3 + 4) on the left side -of

the 'equal sign by 2 . gall this multiplying "the left side"

'by 2 .)

2 (3 + = 7. This a true statement. You can
(is, is not)

leave the left side as it, is and make a' true statement again by

the number on the right side by

2 (3 + 4) . 7

3

8
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If you multiply both sides of a true statement by

the same number, you still have a true statement.

Suppose you add 5 to the left side of the statement 3 + 4 = 7.

You get (3 + 4) + 5 = 7 . This , a true statement.
(is, is notY

You can leave the left side as it is and make a true statement

again by to the right side.

(3 + 4) +5 = 7 +

If you add the same number to both sides of a true

statement, you still have a true statement.

1. Show what you do to the second statement of each pair below to

make each statement true.

(a) 5 + 9 = 14

3 (5 + 9) = 14

(b) 4,+ 6 = 10
k

(4 + 6) +3 -10

(c) 26 + 8 . 34

9 (26 + 8) . 34

(d) 15 +45 = 6o

3 (15 + 45) + 8 ' .60+

Some things that you do in everyday life you can "undo". To

undo putting on your coat, you

picking up a book, you

the door, you

. To undo

. To undo opening

In working with numbers, you also can "undo" what you do to a

number.

To undo adding 5 , you add the of 5 .
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If you start with 3 and add 5 , you get 8.

3 + 5 = 8

To get back to 3 again, you add_ to both sides of

the equation.

3 +5 +'5 = 8* + 75

You have a true statemehE: 3 + 0 = 3

or simply: 3 = 3

Suppose you use a variable in place of the :3 in the equation

you started with. If you write x + 5 = 8 then to find out what x' is

you, add the opposite of 5 to both sides of the equation.

x + 5 + 5 = 8 + 5

On the left side, adding the numbers, you have x + 0 , and on the

right side you have

x +0 = 3

so x = 3

2. In the equation x + 416 = 24, to undo adding 16 , you

must add to both sides of the equation.

x + -16 + 16 = 24 +

so x =

3. In the equation x + 59 = 65 to find out what x is you add

to both sides of the equation.

of

x + 59 = 65

x + 59 + = 65 +

x +0 =.

X =

To undo multiplying by 5 , you multiply by the reciprocal

If you start with 4 and multiply by 5 , you get 20 . To

get back to 4 again, you multiply both sides of the equation by

5 4t
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5 4 = 20

5

1
5 4 = 20

1: 4 ='

so 4 =
4

Suppose you have a variable in place of the It- in.the first

equation.

5 x.=,20

You multiply both sides of the equation by
1

5

SO

and

5.5 1
5 x = 20

1 x = 4

x=11.
.

In the equatign 10x = 90 to find out wha t- x is you multiply

both sides of the equation by . (Remember -that 10x

means 10 x .)
-

SO

10x = 90
a,

1
10

10x = 90

1 X =

X =

'5. In the equatipn x = 12 , you multiply both sides of the

equsAion by

x = 12

1 -

7 x =

1 x =

x =

6

12
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What we want to do in solving equations is to add the same number

to both sides of the equation or multiply both sides by the same

number in order to get just the variable .on one side and the solution

on the other. As we do this, we write a chain of equivalent equations

all of which haire the same solution.

In the,equation x + 9 = 3 1 we want to get x + 0 =

we add to both sides, and learn that x =

5

1
In the equation x = 3 , we would like to have 1 x = ?

so we multiply both sides by and learn that x

Exercises

SO

For each of the following, show what you do to both sides of the

equation to find the solution. Then solve the equation. The first

one is done for you.

Equation On.both sides, you

1. x + 6 = 13 add -6 .

X = 7

2. x ±,,75= 3

X =

add

3.

. 4 .

5x . 18

x =

multiply by

x -1 7

X =

7

sar,211C

(Hint. Remember what you know
about reciprocals.)



-Equation *.

= 3

x

6. x + 1

8.

x =

29x = 58

x =

= 12

x =

4

x =

10. 5x = 56
1"

11. x + "9 = 18

12.

13.

x =

=15

X =

(Simp±lfy
your answer

"14. x 50 = 0
X =

15. 2x = 0

X =

8

On both sides, you

(Hint. This is the same as
1
v x =3 )

(Reciprocal?)

17-1f,

40,
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Equivalent Equations

In an equation like 2x + 3 = 11 , ask yourself, "How can I get

just x on the'left side and a number on the right, that is:

x = ?"
t

The first thing to do is to decide what was done to x to get

2x + 3 . You see that x was muItiplied,by. 2 and then 3 was

added. The result was 2x + 3 . But the same thing must have been

done to the right side of the equation that stated x was a certain

number (x = ? ).

7 Class Discussion

To find the solution to 2x + 3 = 11 , you will reverse the

steps that were taken to go from,the equation x = ? to the equation

2x + 3 = 11.. Since x was first multiplied by 2 and then 3 was

added,' to reverse yoU will first add and then multiply and you do the

same thing on both sides of the equation.

Because 3 was added to both sides, add the opposite of 3' to

both sides'.

Left side Right side

2x. + 3 + 11 +

You have 2x+ 0 = 8 , :so you knoy you can write 2x = 8 Because

both sides were multiplied by 2 multiply both sides by the

reciprocal of 2 .

Left sidedirsa

2x

Right side

8

This gives you 1 x = 4 , so you know the last equation can be

written x = 4 . You have the solution.

Sometimes, however, people make mistimes when they compute. To

check, you should always go back to the first equation and replace the

variable with the solution to see whether the statement is true. When

you do this, you get:
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(2 4) +3 =11

8 + 3 = 11

11 = 11

a
This is a true statement, and you know your solution is right.

You,wrote a chain of equivalent equations. They, are equivalent

because they have the same solution.

(and, after adding 3 to both sides)

(and, after multiplying both sides by )

2x + 3 = 11

2x = 8' (Check your
solution here.)

x = 4

In the equation, 7x + 4 = 46 think: "First both sides were

multiplied by then was added. To reverse the

process, I will first dd the opposite of to both sides and

then multiply both s des by the reciprocal of

Left side Ftietht side .

7x + 4 46

(Add "4 .)

7x = 42

1
( Multiply by . )

6

Check the solution by replacing the variable, x , with 6 ,

in'the first equation.

(7 6) + 4 = 46

You re lace the variable with 6 in each one of the equivalent

eq tions u wrote:

7x 4 = 46

7x = 42

x = 6

0

Check
4

(7 6) + 4 = 46

7 6 = 42

10

6 = 6
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In the EXercises in Section 17-1, you had the problemkt= 3

and you saw that this,was the same as t x = 3 . In the pr4blem

3r x = 12 , you knew that you must multiply both sides by the

reciprocal of . the equation

solution as x = 12 because

3x
12

3x 3 x

3 x

has exactly the same

RemeMberinglthis helps to solve equations like ( + 5 = . Think

of 51 as 2 x . First both sides of the equation were multiplie0
7 7

by and then was added to both sides. To reverse

this process, write three equivalent equations:

Left side Right side

x + 5 = 15

(Add .)

5

7

x

Check your solution,

(Multiply by

( 14) +5 =
7

10 + 5 = 15.

11

15 = 15

.4
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Some equations are written in the form of subtraction.

3x - 2 10

Before doing anything else, change it to addition.

3x + -2 10

4

If the variable was first multiplied by 3 and then -2 was added;

you reverse the process by adding to both sides and then

multiplying both sides by

Left side Right side

3x + -2 = 10

(Add .)

3x

x

=

(Multiply by

Check your solution.

(3 4) t 2 = 10.

,12 + -2 = 10,

10 = 10

By now you can use the reverse process just by planning (ahead

and writing only the equivalent equations. With 5x + 2 = 22 you

plan first to add td both sides and then to multiply both

0.des,by

5x + 2 = 22

5x =

x=

Be sure to check your solution to see if it can be used to replace

x in the first equation, 5x + 2 = 22 .

(5 ) + 2 =22,

+ 2 . 22

= 22

12

ft)

.7
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Exercises

1. For each equation below, show your ''plan" in the middle column

and then write equivalent equations to find the solution. Re-

.ace the variable with your solution and check to see if the

statement is true. The first one is* done for you.

Plans
Equations On lath sides: Check

(a) 4x - 5 = 39 (1. 11) -5 39
Rewrite as addition.

4x -5 = 39_ 44 - 5 = 39

Add 5 .

= 44 39 = 39

X =

(b) 2x + 1 = 41

(c) -5x + 2 = 10

X(d) g -2=

(e) + 10 = 0

Multiply by
1

Add

Multiply by

Add

Multiply by

.0

Rewrite as addition.

Add

Multiply by

Add

Multiply by

13 .
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2. You are probably ready to do the planning without writing it

down. For the following problems, think what you will have to

do to both sides of the equation then Vrite.equivalent equations.

At the right, show that your solution is correct. The first one

is done for you.

Equations Check

(a) 4x - 1 = 7 (4 2) 4. 1 = 7

4x + = 7 8 + = 7

4x = 8 7 = 7

x = 2

(b) 2x + 10 7 50

(c) 4x - = 7

(d) 2x + =5
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Equations with a-Variable in the Denominator of a Fraction

Equations sometimes have a variable in-the denominator of a

4action, as in 3 7
2 = . This looks hard) but it is solved in

x.
much the same way as the others you have done) except for some extra

steps.

You know one thing about the solution of the equation before you

3
start: x is not 0 , because . 6- has no meaning.

Class Discussion

First rewrite 2 as 3

The equation is now:

3-+ 2 -
2

When yolkind out what the number is) you will.knowvhat

x is) because the reciprocal.of x

In the equationlbOVe) the number was first-multiplied_by

3 and then 2 was added. To solve the equation you first add
.

to both sides.,,

SO

3 - + 2 4: -2 - 7

1 3

3-2, 7f

Next you .multiply both `sides by

3

7:= 2.

1 1
so

x 2

and x = 2

(If you are not sure about the last step, use the comparison

property.. You know that t-t = if a d = b c ))

15
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When you multiply 1- 2 and 1. x you find that 2 = x.

Check the solution in the equation.

Equation

+ 2
x 2

Check

3 4 7

3 + 4 7

2

7 7

The next problem is just a little harder.

-

+ 3 = 7x
8
+

In this equation, you know that x cannot be because

1
+ 1 = 0 . Rewrite

x
8

x1
as 8 T and your equation

+ --T-

is

8
x + 1

+ 3.= 7

First add the opposite of 3 :

8 1 - 4
x

and then multiply by the reciprocal of 8 :

1 1
x 4 1 2" t

Write x + 1 = 2 as the next step, and finally add the opposite of

to both sides and find the solution, x = 1 . Now check the

solution in the equation R
8

+ 3 = 7

16

cr

S
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Check

37 + 3 =. 7

+3 =7

+ +3 =7

7=7.

The equation
x
18

7 3 = 5 gives you a chance to use many
+

things you learned in earlier chapters. (Notice that x / 7 .)

First, rewrite the equation as addition.

18
x + 7 =5

Write the equation again to show
18

as 18 times a number.

18 =5

Add the opposite of to both sides.

NUltip1y both sides by the reciprocal of

1
Because

x f

1
1 you can write:

+

= 9

Add the opposite of to both sides.

17

(Simplify the fraction
on the right side.)
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Check your solution by substituting it for x in the equation you

started with.

18 -
3 = 5+7

18 +3 =5
1

2 + 3 = 5

5 = 5

Exercises

1. For each equation below, write a chain of equivalent equations to

find the solution. On the right, check your solution-. .

(a) 33.c- - 2 = and x #0

(Adlittcpn problem)

= 3

(Add to both sides.)

(Multiply both
sides by .)

Jr.

Check



(b ) ;727-7. 4- = and x / 74

(Rewrite

as 2

(Add to both sides.)

41°

":"

(Multiply both
sides by .)

If those two numbers are
I then .)

(Add to both sides.)

17-3d

Check

2. In some of the problems below you will hav to write only one

equivalent equation. In others you will need t write two or

more. Check each solution.

(a)
7 x = 1

(b) 5x . -3

(c) x +,29 6

19

Check
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Solving Equations with Functions

In Chapter 8 you found that for an equation like"'2x + 3 =

you could write two functions; graph both of them on a coordina

and find the solution of the equation,

Class Discussion

ane,

To review, let's look at the equation 2x + 3 = 1. YoU can write

a'function using the left side: f x -)2x + 3 . On the right side

dr can write a constant function: g : x 1 .

Very carefully graph each of these functions on the coordinate

plane below. Use inputs as shown.

f : x -)2x + 3

Input Output

1

0

-
1

g : x -*
-
1

Input Outpvt

1

0 4

21

8

7

C

3

-5 4 3-2-

2

1

L 2 3 4 5

2

3
-4

5

-7
8
V



The graph of the function g x -4-1 is a horizontal line,

parallel to the x-axis because no matter what input you have, the out-

put ig'always . For ghat input does the graph of x -42x + 3

intersect the graph of g : x -+1 ? When you replace x

Ni4i 2 in the equation /2x + 3 = , you have 2 .2 + 3 = 1 .

This is a true statementl'so 2 is the solution to the equation.

You could also have written a chain of equivalent equationS like

this:

2x + 3 = -1

2x =

x= -2.

You can see why, in solVing equations this way, it is necessary

to draw the.graphs very carefUlly and to check your solution., If you

are careless, your graphs may not show the intersection correctly, and

the input that gives that intersection may not be the solution of the

equation.

Try the equation 4x +.6 = 2 . The function for the left side

of the equation is f x -4- . The function for the right side

of the equation is g : x -4 . Use the inputs 0, -2 and

3 , and graph both functions on the next page.

ai

.22
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1

17a 4b

8

7
6

5
)1

2

1

-5 I. -3 -2 0

1
-2
INO

3

1 2 3 5

14.

5
ti

7

8

What input gives the same output for both functioni?

Find the solution of the equation. 4x + 6 = 2 by writing equivalent

equations.

4x + 6'. 2

Did the graphs of the two functions give you this solution?

If. not, you should try to find where you made.a mistake. Check the

solution in the equation, and then go baCk over your work.

23
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0

Often the solution of an equation is not an integer, and then it

is sometimes hard to see, froth a graph, exactly what it is.

The equation 6x 3 = 0 is an example. The function for the

left side is f : x . The function for the right side is

g : x -+ . This is a constant function. Use the inputs 0.1 -1,

and 2 for each function,and draw the graph of each.

S

I

A

16

15

13

12

11

10.

9

8

7

6

I

3

.1

-5 2 0 1 3 4 5

2

-5

V

You see thatl'fOrthe equation 6x 3 = 0 the input_that gives

the same outputtfor both functions is
1 1

You might guess that it is or 2.

numbers. Choose one of these numbers

the equation. If it is4not the solution, try another of the numbers,

and so on, until yoll find the one that olves the equation. The solution

of the, equation. -6x 3 = 0 is

some number between 0 and 1 .

4
or or many other rational

and check it as the solution to

-24



17-lid

The function method of solving equations does not alwaysmake it

easy to see the solution of an equation exactly, and of course if

you are not careful you,may not find the correct one, but you should

get a solution that is fairly close to the correct one. Another drait-

back to the function method is that the graph you)use sometimes needs

to be very large. In the last problem) for instance) in order to graph

an input of 2 the y-axis had to be at least 15 units long. How

long would it have had to be to show the output for an input of 5 ?

units

Until now) you have not been asked to solve an equation like

xt+ 2 = 6x + -8 , in which you see x on both sides of the equation.

In this kind of equation, the x on the left side of the equation

must stand for the same number as'the x on the right side. To solve'

this equAtion by the function method) write a function for the left

side as usual: f : x c + 2 . You cantt write a constant function

for the right side) but instead you can write g : x -)6x + -8 . Use

the inputs 0 1 and 2 and graph these functions at the right.

What input gives the same

output for both functions?

Check to see whether this number

is the solution for the equation

x + 2 = 6x + -8 . '(If you were

careful, it should be.)

+ 2 (6 -8

+ -8

25
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Exercises

Write two functions'for each equation. Choose inputs that allow

you to graph each of the functions on the coordinate plane given.

(Most of the time you have used inputs between 3 and 3.)

Answer the questions for each equation.

1. 3x + -1 = -4

(a) f :x-*

(b) g:x-*

(c) Whatinput,gives the same

output for both functions?

(d) Show that this is the

solution to the equation

3x + -1 = -4 .

(3 ) + 1 = 4-

-4 = -4

2. 3x + 2 = 6x + -4

(a) f x-*

(b) g : X .4

(c) 'What input gives the same

output for both functibns?

(d) Show that this is the

solution to the equation

3x + 6x + -4 .

(3 + = (6. )+ -4

+ 2,= + "4

. 26

A

7
6

5

3

2

1

5 3 1 0 3L 5
lbw

-2

3

1

-7

7

r

3
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3. .2x + -1 = x 4- 4

(a) f x -+

(b) g x -3

(c) What input gives the'same

output for both functionst

(d) Show that this is the

solution to the equation

2i + -1 = .

)--1- = +4

+ 1 =1
'4. 2x +.-1 = 1.+'-2x

(a) f; x

(b) g x

(c) What input gives the same

.output for both functions?

(Try to judge
4

as well as you can..) Test

your answer in the equation

2x + = 1 + -2x If it

is not correct, try another.

Then show that you have the

correct solution below.

(2 + 1= 1 + (-2

+ -1 = 1 +

27
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6
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Equations Which Have the Variable on Both Sides

. Problem 4 in the last lesson is an example of an equation where

the solution is not an integer and graphing does not show clearly what

it is. 'Lou may also have noticed that for some equations you would

need a very large piece of graph paper to find the.solution by the

function method.. It takes only two steps more than you have used

before to solve an equation like 3x + 2 = 4 + 6x using equivalent

equations. We:will take those two steps very slowly.

Class Discussion

In solving equations you try to get, -as your last equation, x

some number. Up to now, the right side of the equation has not had a

variable.in any of the equivalent equations you wrote, so you always

knew what the number on the right was.

In 3x 2 = -4 + 6x , you know that 4 + 6x is the same

number as 3x + 2 , but you don't know what number 3x + 2 is. If

you could only at rid of the "6x" on the right, you could use the

usual method to solve the equation. When you look back at equations

like 2x + 3 = 7 , you remember that you got rid of the 3 on the

left side by adding -to both sides. To get rid of any

number that has been added you add,its opposite.

.
On the right side of 3x + 2 = -4 + 6x , .the number 6i has

been added to -4 . If you add the opposite of the right

side is just 4 . But in order to add the opposite of 6x , you

must know what the opposite is. By making a table you will see what

happens to 6x and its opposite whencwe replace the variable with

different values. Complete this table, using the values of x that

are given.

28.
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Value of x Value of 6x Opposite of 6x 6x

5 30 30
-
30

4

,

2

1

0 .

.

1.

_
2

3

You see that in each case the opposite of 6x is the same as,

-6x . If you add 6x and -6x , the sum is . Now you know

that the way to get rid of the 6x on the right side of the equation

is to add . But whatever you do to the right'side, you must

do to the left side, so you add 6x to the left side also. Start

with 3x + 2 = -4 + 6x , and add -6x to both sides:

3x + 2 + -6x . -4 + 6x + -6x

so 3x + 2 + -6x . -4,

and if you add -2 to both sides, you have

3x + -6x

How do you find the sum of 3 times a number%and 6 times the

same number? You can substitute a few values,for x- to -see what

happens. Per1aps 3x + 6x is the same as (.3 + -6)x or
-
3x

29
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Value of \\x

.

3x + -6x (3 + -6) x

3 9 + -18 = -9 3 3 = 9

2 6 + -12 = -6 - -3 2 = -6

1 3 --- =

0

-1

-
2

-

3 ,

You see that 3x + -6x f! the same as (3 + -6) x , or -3x

As an equivalent equation for )3x + -6x = 6 1, thereforel'you can

write 3x = -6:1 multiply both sides by and find the

solution, x = . To chec the chain of equations:

Equation substituting-
Check

for x2

3x +. 2 = + 6x (3 2) + 2 = -4 +(6 2)

(Add -6x.) 3x + 2 + -6x = 6 + 2 = -4 + 12

(Add 2.) 3x + -6x = -6 8 = 8

(3x + -6x = -3x) -3x = -6

(Mfultiply-bY ) x = 2

ti

r

30



17-5c

Exercises

1. Write the opposite of:

(a) 3x

(b) -2x

(c) x

(d) x
3

(e) -10x

2. Add. The first one is done for you.

(a) + 3x = (4 + 3)x (g) 3x+ .5x =.

= 7x

CO 2x + -5x = ( )x (h) 1.1x + -.3x =

(d) .5x + .7x =

(e) 99x + -97x =

(f) x + =

31



17-5d

3. Find the solution for each equation by writing equivalent equa-

tions. At the right, check the solution in the equation. The

first one is done for you.

Equation substituting
Check,

solutionthe

for x

3x + 5 ; . : 2 1 ) , - 4 (3 -I) + 5 . (2 -1) + 4

(Add .-2x'.) 3x + 5 + 2x = 4 3 + 5 = 2 + 4

(Add 5.) 3x+ 2x= 1 2 =2

(3x + -2x = lx) x = -1

(b)

(Add 3x .)

(Add 6..)

(5x + ax =

5x + 6 = 3x + -6

(Multiply by
1

.)

(9)

(Add 5x '.)

(-x + -5x )

(Multiply by 1 )

x = 5x + 3

(Note. x = 1x)

32



1

(d)

(Add -x .)

(Add 78 .)

(3x +
.

(Multiply by

Equation

3x + 8 x + 40

1

(e)

5x + -15 x + 7

TAdd "x:4!)

(Add 15 .)

(5x + "x )

(Multiply by 4. .)
(Simplify your answer.)

17-5e.

Check
_substituting the solution

for x .
,

. Find the solution for each equation by writing equivalent equa-

tions. At the right, check the solution by substituting it for

x in the equation.

(a) 4xt 3x + 105

33
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Check
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,(b) + -20. = 3x + 36

(c) 2x + = 3x + -2

17-5f

Check

Note. Sometimes it is easier to solve an-equation if you sim

''exchange the two sides.

it with iroblem (c).

(d) / 3x + -2 = 2x + 1

Problem (d) shows how this works.

(e) .2x + + -x

34.

Compare

4

42,



17-6

Inequalities,

An equation is a mathematical sentence that says the number on

one side of the equals sign is the same as the number on the other

side. It is also possible to use symbols to say that the number on

the left side of the symbol is not the same as the number on the
ti

right side. One sign that can be used (like the verb in an English

sentence) is A In 3 + 4 A 8 you read "3 plus 4 does not

equal 8" or "3 plus 4 is not equal to 8".'

Such a statement, however, does not help you compare the two

numbers named, and comparing numbers is often necessary. (Which

statement tells you more: "Jim is not the same age as Bill" or

"Jim is younger than Bill"?)

You have used these two symbols (< and >) for comparing two

numbers; For instance, 1 + 1 < 3 (2 is less than 3) and

3 > 1 + 1 (3 is greater than 2). You have, perhaps, also used

these symbols: < (is less than or equal to) and > (is greater than

or equal to). The symbols < , >, < and > are used to exprets

inequalities.

A statement like 4 + 5 < 9 is true because 4 + 5 = 9 . If

4 + 5 is either equal to or less than 9 , the statement 4 + 5 < 9

is true. Likewise, + 3 > 8 is true because the "is greater than"

part of the symbol makes it true.
1

'35
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Class Discussion

1. Read each of the following sentenced and tell wiether it is

true or false.

s

(a) 4 + 5 . 9

(b) 4 +,5

(c) .4 + 5 >9

(d) 6 - 0

(e) 6 - 2' > 00

) + -8 < 0

(g) 4 + < 0

(h)' .4 + -8 < 0

(i) 6 4. 3 > 8

(j) 13 - 3 > 10
7

You. can use a variable in inequalities, too. First, let's think,

of replacing the variable only with whole numbers.

If x < 1 wbatnudbei can be"used to replace x ?

If' x >,0 , you can - replace x with . If

x 1 < what numbers can be used to replace x ?

and . If you replace x with 4 then 4 + 1 < is

not true: The numbers that can be used to replace the variable and

make the sentence true are called the solution set for the sentence.

.(We have talked about "the solution" for equations because ytz have

not been able to use more than one number as the solution for the

equations you have had so far,.).

In x 1 <5 , the solution set contains the whole numbers

el

and

3c
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2, .. Gi.Cre the solution set (whole numbers) for each of the following
4

.statements..

(a) x +5 = 6

(b) x - 8 = 1

(c) 3 x < 10

(d) x - < 7

(e) 2 x = 18

(f) 2 x < 18

(g) 2 x < 18

Notice that for 2 =1,8 , you have only one nuMber in the

solution set. In x '< 18 , all the numbers less than 9 ar in

the solution set: and in' 2 x < 18 :' the,n,umber 9 and all Of the

numbers less than 9 are in the solution set.

The sentence. x + 6 > 6 has more numbers in the solution set

than'anyone can possibly write down. Every whole number except 0

is included in the set: because r+ 6 > 6 , 2+ 6 > 6 , and so on.

For,sentences:. like this: we just give the three smallest numbers that

can be used: and then write three dots to mean "and so on". For

x 6 > 6 , we write 1 , 2 , 3 , This shows that

is.not in the set but the rest of the-whole numbers are.

Sometimes there is no number. you can use to replace the variable

And make a true statement. For instance: if we use only the whole

numbers: there is nb nutber,that makes x + 6 < 6 true. In this,case:

we say that the solution set is empty. In the eq ation 2x + 3 = 2x +,5

thl-e is no replacement for x that makes the statement true. 'If we

add' 2x to both sides: we,have 3 = 5., ch certainly is not true.

So the solution foncthe equation 2x + 3 = 2x + 5 is the empty set.

The symbol for the empty set'is ( .

'37
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Using only whole numbers for x-, give the solution set for
each .of the following,

x < 3

2. x-1:2 < 3

k. 5 + 2 < x

5.

6.'

7 + x >--29

+ 1 <sx

7. 2x'< 25

4. 2x + 1 < 25

9. _2r<

10. 5:e> 10

U. 4-x < 12

12. --x .< 6
2

>5

3x .<

155. 3x +).

16i 3x + 2 < 15

17., 3x + 3 <15

18. 3x +3 <15

19.' 15x>

20. 2x + 1 < 1

38
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Solving Inequalities with Graphs..

In the last section, you solved ineqmoities using whole numbers.

One way to solve an inequality ft-tat to guess a solution, try it,

and then guess some others until you find which numbers fit. This

works with the kinds of problems you just had, whete the answers are

all whole numbers, although you can imnene that just guessing would

not be a very efficient way to solve some inevAlities. Furthermore,

if we include, the integers, rational numbers, or real numbers as

possible numbers in the solution set, it would be impossible to write

solution sets in the form you just used.

line.

Firstl-let's find a way to show the solution set on the number

Class Discussion

What 1.s the solution of the equation 2x 3 = 11 ? x

To show this on the number line, you just make 'a large dot at

the point that corresponds to 4 .

-10-9-8-7-5-5-4 -3-2-1 0 1 2 3 1 5 6 7 8 9 10

In tre inequality, 2x 3 > 11 any nUMber greater than 4

will also make the statement true.

If you want to show 2x 3 > 11 on the number line, you draw

a my with its endpoint at if and pointing to the right.

.0 1 2 3 4 5 6 7

ae Or you can write the solution set using symbol, like this:

x> 4- e

This means that you can replace 2x.+ 3 > 11, with.1 1. or any

number greater than k (for instance, with 7 ) or -177; or 2 )

and have a ,true statement.

39
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If the inequality is 2x + 3 >13. , you must make it clear that

4 is not in the solUtion set, but that allnuMbers greater than 4

are. On the number line, the fact that 4 is not in the set is

shown by the small circle at that point.

0 .1 2

Using symbols, you can write:

x > 4 .

4 5 6 7

To show 2x + 3 < 11 , you show that 4 is not in the set but all

numbers less than 4 are.

Using symbols, you can write: x

The number line below shows the solution set for an inequdlity.

Write the symbol that goes in, the blank.

x + 1 0

-4 -3 -2 -1 0 1

Write the solution set using symbols.

x

Write the symbol that goes in the bldnk of this inequality. The

solution set is 'shown on the number line below.

Write the solution set.

x + 1 0

40
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You will sometimes see statements like this:

3 <.x + 4 <10 .

This means that 3 is less than X + 4 and x + 4 is less than- 10 .

An easier way to say it is that x + 4 is between 3 and 10 , but

in symbols, it is written as it is above.: To find the solution set,

we can think: "If x = 1 then x + 4 = 3 , so -1 is not in the

set, and if x is 6 , then x + 4 = 10 , so 6 is not in the set,"
. .

All the numbers between 1 and 6. are in the solution set. To

show this on the number line we draw, aaegment with .the endpoints,

-1 and "6 , circled.

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

To show every number between r1 and 6 the solution set is

written: -1 < x< 6 .

One way to solve inequalities

is to graph them. Let's start with

3 < x + 4 . First, knowing that 3.

'may equal x + 4 , write two

functions for the equation 3 = x + 4 .

f : x -+ and

g : x -+ . Graph

these two functions on the

coordinate plane at the right.
4

8

I

6

5

4

1

r el_O
1

2

2 5

Jr.
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The input that gilies the same output for both functions is

. So, if 3 = x + 4 , the solution is -1 . But suppose

3 < x + 4 . You know the solution set contains more than one number,

and you can use just a feW'tests to find out what they are. Pick a

number that is less than 1 and try.it in the inequalitY:

3 <': 4. Is the statement true or false? Try a

number that is greater than 1 . 3 < + 4 . Is this true or

false? Now you are ready to show the solution set on the

number line1 Since 1 is in the set, mark the point 1 with a

large dot. Any number greater than 1 is in the set, so the ray

--.&11 go to the

S

the number line below.

Show the solution set of 3 < x + 4 on

-10 -9 -8 -7 -g -5 -4 -3 -2 -1 0 1 2 3 4 5 d 7 8 9 10.

Write the solution set-using symbols::

You can use the same method to solve ineqpAlities using/just <

or > symbols.

To solve x + 6 < 1 1 first write an equation: x + 6 = 1 .

Write two functions for the equation'1,and graph the solution.

: x

g : x -,*

81

7

6

4

3

4
3 7 55 4 3

ti

2-1,

G.

1,

_o
1

3

'5

12 3 45 6 7 8

st.

-42
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The solution of the equation x 4. 6 = 1 is Show this

on the.number line as a circle at that point, because 5 is hot in

the solution set of x + 6 < 1 .

Now try a number to the right of -5 in the inequality. Are

numbers to the right of 5 in the solution set?

number to the left of 5. Is it in the solution set?

The ray that begins at the circle should point to the

Show the solution set on the number line beloW.

Try a

-10 -9 -8 -7 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10

Write the solution set using symbols. x

Some inevAlities have variables on both sides of the inequality

symbol. To solve 3x + 4 < -2x + 14 do just what you did before.

First, replace thd < with = . This gives you 3x + 4= -2x + 14

an equation. You know how to solve

this by graphing two functions.

(Use inputs 1 0 and 1 .)

f : x 3x + 4

g x -2x + 14

16

15

14

13

12

11

10

9
8

7

6

5

1F

3

2

1

5 43 21-2
2

3

1 2 3 5
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Write the solution of the equation 3x + 4 = 2x .

x = . Try a number greater than th4 solution of the equation

as a replacement for x in 3x + 4 < -2x + 14 . Does it make the

-statement true? Try a number less than the solutionof the

equation. .Does it make'the statement true? Show the

solution set on the number line below.

4i 1 1 1 t 114114114 i 1 1 III 1 1 so

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0- 1 2 3 4 5 6 7 8 9 10

Write the solution set using symbols. x

9 1"-

cZ

"r

0
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Exercises

Solve these inequalities by writing an equatil and graphing two

functions. Find the solution set and show it on 'the number line.

1. 13 + -2x > 5

(Equation)

f : x

g : x

Solution of equation:

1

1>

1

1

1

1

1

5 4 3 1 3 4 5

-41 r s ; ti t f + I I

10 9 8 7 6\-5 '-3 ,-2 0 1 2 3 ,4 5 6 7 8 9 10

Solution set of 13 + -2x >5 :

115



. 2. 3x -2 < -x 10

(Equation)

f : x

g : x

Solution of equation:

x=

10

9

17-7g

3

7
6

4

2

9 4. 3

2

3

1 2 34 5

-10 - -8 - -6 -5 -4 -3 -2.-1 0 12 3 7 8 9 10

Solution set of 3x + 2 < x.4. 10 :

46

f--,,
f

3
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3. 5x + -2 <: 2x + 1

(Equation')

f : x -+

g : x -*

40.

Solution of equation:

x=

a,

tia

0

9
8

7

G

5

.3

17-7h

1

-5 4 -3 0 1 3 4 5

-nt-

3

r

44 littoilifs -11- etiltIll sw

-10 -9'-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10

Solution set of 5x + -2 < 2x + 1 :

\'

47
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'.Equivalent Inequalities

Just as you can sollov an equation by writing a chain-of equivalent

equations, you can solve inequalities by writing t chain of equivalent

4.nsqUalities. There is, however, one slight difference, which you will

see if you work with some inequalities' without variables.

Class Discussion

Put < or > in the blank to make each a true statement.

1. 5 3. 13 7.

3 + 4 5 + 4 13 +8 7 + 8

2
V

9 5 4. 4

9 + 3 5 + 73 4 + 6 1 + 6

If you add the same number to both sides of an'

inequality, the inequality symbol does not change.

Put the correct symbol in the blank to make each a true statement.

Notice how the problems on the left are different from those on the

3

.2 7

7

9.

3

2 7

2 3 2 3 7

6. 3 2 10. -3

4 -3 4 2 ./ -4 -3 -4.2
s--.

7. 8 1 11. 8 1

2 8 2 -1 -2 8 -2 -1

8. 5 -6 12. 5 -6

1 -5 1 -6 1 5 -1 -6

48
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.When you multiplied both sides of-the inequality by a sitive

number, the sign did not change. When you multiplied bo side's by

a negative number, the sign had to be reversed. This fact .is impor-

tant in solving ineqiuk1ities in which you must multiply by a negative

,number.

You can solve many inequalities by adding the Same number to both

sides. To solve x + 3 < 5 , you add to both sides .6o get,

x + 0 < or simply ,x < . x + 3 < 5. and x < 2 are equiva-

lent inequalities because they have the same solution set.

0 To solve x + -5 > 8 you add to both sides in order to

get x + 0 ? or x >

13. Solve each of these inequalities by adding the same number to

both sides.

(a) x + 9 <3

x<

(b) x- 8 < 21

x<

(c) x + -10 > 6

x >

(d)2 ..,(<

x<

(e) x + 7 < 18

(f)

x<

x+ 9> 15

x >

(Rewrite as addition:)

49

0

r
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Sometimes you must multiply both.sides.Of an inequality. by the

same number to find the solution set. In 4x < 12 , you multiply'

both sides by the reciprocal of
4

. The solution is, x <

In
5

x > 20 , ou multiply both sides by . x >

Look at this ne: -4x < 12 If you just multiply both sides

by the reciprocal of -k , you get x < -3 . One

number in the solution set x< -3 is -4 check to see whether.

1-fis also in the solution "set "of 4x < 12 .

-4 T. 16

and '16' is not less than 12 .

Remember that if you multiply both sides of an

inequality by a negative number) you must reverse

the inequality symbol.

If you multiloly -4 -4x and -4; 12 , you must write, as the,

_solution set, x > -3 . -Try a number greater than -3' in the inequality

--4x < 12 If you try 2 , you find that 4 *-2 is, 8 , and

that is less than 12 . In order to'keep from making mistakes, always

oheck your answer by trying a number in the solution-setto see whether

it fits in the inepelimpryouried to solve.
'

14. Solve each of these inequalities by multiplying both sides by

the same number. Be careful when you multiply by a negative

number:

x>

kb)
3
1 x < 7

x<

--e 50

(c) 4
x < 12

3

x<

(d) -3x > 15

x

(Wh sign must you have?)
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Last, you can use equivalent inevAlities to soIlte pNoblems

which have the variable on both sides, just as yous4ved equations.

Ta solve 5x + -2< 2x + 1 , you'first add 2x to both

sides:

5x +.-2 + -2x < 1:

and then add: 2 to both sides:

5x + -2x <'3 .

.

'Filially, you write 5x + -2x as 3x :

3x <*3

and multiply both sides by
1

. 3

x < 1 .

41.

To check,`use a number that is in the solution_set of x (g 1 to see

whether te is also in the solution set of the inequality you started

with. Zero is in the solution set, and if you use 0 , you see:

5 . 0 + -2 < 2 0 + 1,

-2 < 1 .

This is.true, and the solution set checks.

R

51
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Exercises

Solve these inevAlities by writing equivalent inequalities.

At the right, use a number from the solution set to show that the

solution set is correct.

1. 6x + > 7 + 5x

(Add -5x .)

(Add -3 .)

(6x + -5x 7)

2. 5x + 11 < 3x + 3

3. 100x + -14 < 99x + -10

52

Check



3x + -2 < -x + 10
/

\

, 5. -2x + < x + -12

53
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Solving QuadraticAopstions

YOU haye used the word "squared" when nkraised a number to-the

second power. 10
2

mgybe'read "10 to the second power" or

"10 squared". The same idea can be used in writing x x as x2

This is read "x to the second power" or "x- squared ". Equations

like x
2

- 2x - 3 = 0 are called quadratic equations. The.word

"quadratic" comes from S Latin word meaning to make something square.

In this section, you will learn one way to solve quadratic equations.

Class-Discussion

If you have a very simple equation, like x2 = 4 , it is easy

to see the solution set. What numbers can you substitute for x 7

and We often call the numbers 2 and 2 the

roots of the equation x
2

= 4 .

Of course, not all equations have rational roots. The equation

x
2

= 3 , for instance, has two real numbers in the solution set, V

and 15 but it has no rational roots. In this section you will

solve only equations whose solution sets are rational numbers.

The equation x
2 -

+ 4 .3 can be solved by using what you learn-

ed about getting the variable by itself on one side of the equal sign

and everything else on the other side._ If_you want to get rid of 4

on the left side, you add to both sides of the equation.

2 -
x + 4 +

2
so x =

and x =

5

or x =

To solve 2x
2

= 2 you multiply both sides by

SO

4

2x
2=

2
x =

2

x= Or x=

54



8Xereises

"17-9a

. Solve the foilowingecluatiOnp. Check both of your solutions in

the equation. The first one is done' for yoU.

2
1.'

3
x
2

6

Check

Bath .3 3 and

2
"5 a =

6 =

.2
1

2.. x
2 2

= 8 (Remember this is the same as. x
2

-= 8 .)

2
x =

or

3. "3 45e7= J1

/Ix
2

2
x =

x= or x=

-
4.

2
t 17 = 32

2
x =

x= or x=

3x2'+ 6 = 18

3x2 =

x2 =

x= or x=

55
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Class Discussion

You may be able to guess the solution set of this equatibp:

x
2

2x , but we can use it to show one way to solve harder ones.

Again we will write two functions.

From the left side of the equation,

we write 'the function f x
2

From the right side we write

g x -)2x . Fill in the table

of inputs and outputs for f : x -,x
2

a.

Input

x

Output

x
2

9

_
2

1

0

1

2

3

The graph of the function f x x2 is 'shown

This is called the basic

quadratic function, and, as

you see; it is not a line but

-a curve. Notice that the

bottom point of the cur-I/els

at 0 . For the function

f : xp*x2' 1 is there any,
,

input that would give a

negative output? .'

When you multiply, either a

positive or a negative

number by itself; bae

productis always.

(Positive or negative)

Using the graph in the

figure at the right, thaw the

graph of the function 2
f : x

g : x -,2x 0 which is a line.

below.

56
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In how many points does the graph of g x -,2x intersect the

curve of f : x -,x
2

? What inputs give the same outputs

for both functions? and The solution set of the

equation x
2
= 2x is: x = or x -= . Check these

solutions in the equation x2 = 2x .

( ) = (2

and ( ) = (2

)

)

To solve the equation x
2

= 2x + 3 graph two functions:

f x -3 and g x -+

The graph of f : x -,x
2

is drawn for you in the figure below.

Draw the graph of the function g and find what inpUts give the same

outputs for both functions. x = or x =

14Y

13

1f2

11

10.

9

8

7

6

5

3

2

1
X

-2 -1 0 1 2

57
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When you draw the graph of the function g x -)2x + 3 very

carefully, you find that it intersects the graph of the function

f x -,x
2

at the points for the input 3 and the input 1 .

To check these inputs as solutions for the equation x
2

= 2x + 3 :

(3, 3) 3) + 3 and (-1 -11) = (2 -1) + 3

9 = 6 + 3 1 = -2 + 3

9 = 9 1 = 1

Going back to the equation at the beginning.of this section,

x
2

- 2x - 3 = 0 , you can now find a way,to solve it. You know how

to solve an equation if you have only x
2

on the left side, so the

problem is to get rid of the rest of whatlb on the left side. First,

rewrite the subtraction expressions - 2x and - 3 as addition:

+ 2x and + "3 . The equation now is )? + 2x + "3 = 0 . To

get rid of 2x you its opposite to both sides,

and to get rid of 3 you also add jts to both

sides. You don't even need two steps for this. You find that

x
2

2x + 3 . This is the same equation you solved before: So the

solution for the equation x
2

- 2x - 3 = 0 is x = or

x = . Cheek these solutions in the equation.

Look at*the equation )? + 3x + 2 = 0 . First you want-to get

rid of the, 3x and the 2 that were added to x
2

. Add

and to both sides of the equation to get an equivalent'

equation:

2x =

58
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The function f : x
2

is graphed below. Graph the function

g x -+ that goes with the right side of the equation.

f:x x
2

5 2

15

lli

13

12

11

10

9
8

7

5
1.

3

1

1

0 1 2 3

1

2

You may find it hard to read your graph for, this equation, but

you can see that the two integer inputs which give the same output

for both functions are and . Check these as

solutions of the equation x
2

+ 3x + 2 = 0 .

( ) + (3 ) + 2 = 0 and (. ) + (3 ) + 2 = 0

+ + 2 = 0 + + 2 = 0

= 0 = 0
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Exercises

Solve the following equations as you did the ones above. ,Then

check each solution in the equation.
144 Y

1. x - x - 6 = 0

2x =

f : x

g : x-4

X =

Check:

(Rewrite as
addition.)

(Add and

or x =

and

2. x2. - 3x - 4 = 0

x2

f : x

g : x-4

X =

Check:

(Rewrite as

addition.)

or x =

and

! 60

13

12

11

10

9

8

7

6

5

3

2

1

4 3 2 1 01 1 2

Y

3 4

x2

17
lti

15

lea

1:3

11

10

9

8

7
6

5
)1

:

3

2

1
X

5

x2
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BRAINBOOSTER.

3. (a) You have solved equations in which you had just x2 on the.

left side of the equals sign. For the equation below., you

want to get 2x
2

on the left side.

2x
2

- 5x + 2 = 0

(Rewrite as addition.).

2x
2
= (41,dd .and

(b) The function for the left side of theequation you now have

is f x

(c) The fuhction for the right side of the equation is

g :

The graph of ,the function f x -+2x
2

is drawn for you.

Graph the function g .

.111

10

9
8

7

6
5
if

3

2

1

r 2x
2

1 0

(d) One input that gives

the integer

equation.

2

the same output for both functions is

Check this integer solution in the

2 ( - _) + 2 = 0

(e) The other input that gives the same output is not an integer

but a rational number between and . Make a

guess as to what the number is and'try your solution in the

' equation. If you don't guess the right one the first time,

try another rational number. In the equation

2x
2

- 5x + 2 = 0 x= or x= 61
;
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17-P-1

Pre-Test Ekerpises

These exercises are like the problems you will have on the

chapter test. If you don't know how to do them, read the section

again: If you still don't understand, ask your teacher.

1. (Section 17-1.)

For each equation, write what to dO to both sides of t1

equation in order to get x by itself on the left side' of

the equal sign.

1(a) x + 4 = 9

(b)' x + -3 =

(c) 4x =16

(d)
1
x = 7

(e) = 79

2. (Section 17-2.)

For each equation, write what to do to both sides in order to

400 get x by 4.tself on the left side.

(a) 3x + 9 = -21 First

and then

(b) x+ -15 = 60 First

and then'

(c) 3.26c + 49 = 752 Firs,t/

and then

(d) 2x - 3 = 10 First

and then

and then

62
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3. (Section 17-3.)

Fill the blanks.

(a) In the equation + 4 = 2 you know that x cannot be

4
(b) 7 is the same as 4

(c) If

(d) If
2 1

3X b
property.)

then x + 3 .

then 3x = . (Remember the comparison

4, (Section 17-4.)

Solve the equation 2x'÷ 1 = x + 3 by writing two functions:

`graphing them and finding,the solution. Check your solution

in the equation.

f : x-4

g 'X 4

x=

Check:

C

194
10

9
8

7
6

2
4

3

2

1

5- 4 -3 -2 -1 .1 1 2 3 4 5

63
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5. (Section 17-5.)

Write a chain of equivaldtt equations to solve these equations:

(a) -4x + 3 = 2x + 21 Check:

X =

4

(b) 7x - 4 = 2x + 21 Check:

e

x =

6. (Section 17-6.)

Give the solution set of each inequality.

(a) 2x + 5 < 17

(b ) 7x + 3 < 2

(c) 7

(d) 4x + 1 > 22

64
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7. (Section 17-7.)

Solve each inequality by graphing

two functions. Show the.

solution set on the number line
04

below the graphs.

(a) 50 2 < 12

(Equation)

f : x

g : x -+

Solution of equation:

x =

Write the solution set of

the inequality using

symbols.

x

13

12

11

10

9
8

7
6

5

-2

3

1

1
-2

3
-J4

1 2 .5
ow
X

5

-10 -9 -8 -7 -6 -5 -4 -2 -1 0

(+D) 2x +`3 >

(Equation)

f : x

g x -+

Solution of equation:

x =

Write the solution set of

the inequality using symbOLs.

6 7 8

8

7

-5_4
3 -2

9 10

5

y
2

1

2

-3

2 3 4 5

X

r6
7

t I. t t t 1 t. t

-10 -9 -8-7 -6-5-4+-3-2 10,1.2 3 4 °5 6 7 8 9 10

65



(c) 3x + < 2x + 1.

f: x

g: x

Solution of equation:

-t-x=

Solution set of

3x + -2 < 2x + 1 :

x

.o

(Equation)

17-P-5

7

Y

6

4

3
2

1

5-431 21_1

3

1 2

1.

5.

A)

7

-8

710 -9 -8 -7 -6 -5 -4 -3 -2 -10 1'2 3,4 5 6 7 8 9 10

8. (Section 17-8.)

Write equivalent inequalities to solve these.- Check using a

number from your solution set.

(a) 4x + 3 < x + 6

x

Check:

(b) 3x + 8 < 5x - 2 Check:

x

66.
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9. Solve this equation. The graph of f : 2x
2

is drawn for

yOu.

2x
2 -.x - 3 = 0

2x2

f : x

g : x

x= or x=

(Addition
equation)

(One solution is not an integer.)

Cheek:

and:

67

Al

Y

18

17

16

14
13

12

11

10

9

5
)1

3

3 0 1 22 3 4 116'

2
f, : x -,2x
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Test

1. For each equation, write what to do to both sides of the

equation toget x by itself on the left side of the

equal sign.

(a) x 4. 16 = 25

(b) 3x = 17

(c) = 21

(d) x+ 3 =4

(e) x =

2. Solve these equations by writing

the solution in the equation.

(a) 13x + 4 =. 30

(b) 3x -6 =19

(0 4c 8 13.4

68

quivalent equations. Check

Check



3. Solve these .equations by graphing

two functions. Check your

solution in the equation.

(a) + -1 7

f :

g : X-4

X =

Check:

(b) -3x - 2 . 2x + -7

f X -4

g :x-4

x

Check:

17-T-2

)0 Y

9

C

7

3 2 1

6

5

4

1

1 2 3 4 5
-1

a

69
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10

8-
7
6
5

1{

3

2

1

s

8

4_5
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4, Solve this-equation by writing equivalent equations. Check
-

your solution in the equation.

3x - 2 x 10

X =

Check:

5. Solve this inevAlity by graphing two functions. Show the -._

Solution set on the number line.

x -3 >3x -I- 1

f : x

g : X-4

(Equation)
11

0

7\
6

If

vat

2

1

-5

-2

-3

5

1 2 3 IF

10 9-8 7 6 -5 4 3 2 -1 0 1 2' 3 If 5 6 7 8 9 10
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6. Solve this inequality by writing equivalent ineqpRlities. Check

a number of your. solution set in the ineva3ity.

x -I- 2 > x 4- 3

x

Che.ck:

7. Solve the equation x
2
- 2x - 3 = 0 . The function x -4x

2

is shown.

x
2
- 2x - 3 =0

f : x

g : x

x = or x=.....I
Check:

and:

ler

f : x

71
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16

15

12

11

10

9
8

7
6
5

3
2

1

4 0 1 2 4 5
ow.

S
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Check Your Memory: Self-Test

1. (Section 13-6.)

Add. (You may use your flow chart if you need it.)

(a) =

(b)
9 -1

+

(c)
4

3

2

5

(d)

(e)

5 3

17 -R -1

2. (Section 13-8.)

Use exponents to rewrite each problem. Give the answer with an

exponent.

-(a) 1000 X .0001 = X

100000
1

100

(c) .00001 x X

72
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3. (Section 13-10.)

Write each number using scientific notation. (Use your flow

chart if 'you need it.)

(a) 346795.=

(b) 228.167 =

(c) .00041 =

(d) 455000 =

(e) .0036872 =

4. (Section 15-13.)

Find the area of these figures.

(a)

18 ft.

AREA

(b)

AREA

5. (Sections 15-7 and 15-8.) .

(a)
1

feet?How many inches are in 2
2

(b) How many yards are in 2 feet?

29"

(c)
1

How many inches are in 3 yards?

6. (Sections 1-7 and 16-8.)

(a) Find the circmference of a circle with a radiusof 10

feet.

(Use n z

(b) Find the area of the circle in (a), above.

Now check your answers on the next page. If you do not have them all

right, go back and read the section again.
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(a)

(e)

Answers to Check Your Memory-: Self-Test

5

7

22

19
12

3

20

2. (a) 10
3
X 10-4 = 10

1

(b)
10

= 107

10

(c) 10 5 X 10 3 = 10 8

3. (a) 3.46795 X 10

(b) 2.28167 X 102

(c) 4.1 X 104

(d) 4.55 X 105

(e) 3.6872 X 103

4. (a) 72 sq. ft.

(b) 406 sq. in.

5. (a) 30 inches

(b) yd.

(c) 117 inches

6. (a) 62.8 feet

(b) 314 sq. ft.
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COORDINATE GEOMETRY

/
75

/



1'

,18-1

Chapter 18

COORDINATE GEOMETRY

Slope of a Line

You haVe seen the graphs of. the functions

1
k x x.

: x lx

f : x 7)2x

g : x 3x

h.: x -+ y".

and so on

many times before. You know that the graphs of these functions

(1) are lines,

and (2) pass through the origin.

On the coordinate plane owthe next page are the graphs of the functions:

; -
k x-)

1
x

2

lass Discussion

Imagine that an ant starts at the origin and crawls Hurt' the line

of one of the fuhctions.

Look at all five of the lines. Which line is steepest for the

ant to crawl up? Which line is leas steep?

76
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For these kinds of functions, as the number that multiplies

gets, larger the line gets
(steeper, less steep)

Which 23.ne is-4eeperl

g : x 3x or i : x 1x ?

2. f x or k : x x

3. j : x -)10x or p : x-)111-x ?

4.
1 4 3

q : x x ot r :Ax x ?

25. t : x
3
x or s x 3 x ?

The measure of the steepness of a line is what we,call the slope,

of a line. The number that multiplies x is the slope of the

Notice in all the examples so far the number that multiplied x

was positive. Also notice that as'you move "up" on the graph the line
.

goes farther to the right. The slope is positive for these lines.

Here is the graph of f x -)2x .

IY

8

7

4.

6

3

2,

ail
43;47

1

-L -3 -2 2 11- 5 6
X

2

5



The slope of f : x -,2x is 2 .

Is the origin' (0,0) on the line f : x -,2x

StaAing at the-origin, count up 2 units on the-Y-axis and

then count over to the right 1 unit. Is this point on the,line?

When we start on a line and move up and then over tothe line

again, we call the distance "up" the rise and the distance over to

the line the run. If we count over tothe right to get back to.theM.I
line then run is positive. If we count over to the left to get back

to the line the run 1s negative.

Starting at the point (1,2) count up 2 units. How many

units do you count over to the right to come back to a point on the
I

line? ' What is the rise? What is the run?

Starting at the point ,,(4,8) , count up 2 units. How many

units do you count over to the right to come back to a point on the

line? What is the rise?

If you start at am point on the liner count up '2 units and

then count over to the right one unit, do you come back to the line?

(Try this anTsee.)

For the line f : x -2x , in each case the rise is 2

run is 1 .

Suppose we divide the ri.se,by the run. 11.°
run

Thi9

is the slope of the. line.

Look at the graph of f : x -,2x again. Start at the origin,

and count up 4 units. Haw many units do you count over to the right

to come back to the line? The rise is and

the run is . Now divide the rise by the run.

rise
run

Is this answer the slope?'

- 4

So far the rise divided by the run has given us the slope of

the line. Let's see if this works on another' line.
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Bere'is the graph of g :

What is the slope.of

the line g x -43x ?

It will help

you find the rise and run

if you think of different

segments of this line as

being the diagonals of

different rectangles.

18-ld

3x.

Y

ti

8

7

'V-

6

5

2

1

-6 5 -2 1
1

2

3

1 2 L 5 6 7 B

7

-a

On the graph label the origin 0

and label the pOint (1,3) P. OP is

the diagonal of a rectangle. --

By looking at the rectangle

it is easy to see -OA the rise

is 3 and the run is 1 , and

rise,

ruin

this give you Zhe slope?

. Does

8o

9

1111111114E PMIN"
minrAmtommus

14
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Here is the line g x -)3x with some more. rectangles drawn in.

ty

ti

7

5

A

2

5 31

P1

1

2

3

1 2 3 4 5 x.r

6

Look at the rectangle with diagonal OA . What is the rise?

What is the run?
rise

- = Does
run

this givtl, you the'slope?

Look at the rectangle with diagonal PA .

Look at the rectangle with diagonal BO .

Look at the rectangle with diagonal E0 .

rise
run

rise

run

Ase
Look at the rectangle with diagonal' EB .

run

81
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In each of these cases ri se 3 which is the slope.
run

Does it now seem more likely that ri se always gives the slope

of the line?

1
Try this for the line k : x -)-

2
x .

Y

4

V

You dan pick aa two points on the line for endpoints of the

diagonal but it is easier to find the rise and run if you pick points

that have integer coordinates.

Pick two pointson the line that have integer coordinates. Use

the segment between your points as the diagonal of,a rectangle. Draw

this rectangle on the graph of k :

1
. What is the rise?

rise

1

2

What is the run?
run

1
Is

2
the slope of this line

82
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1.

2.

Exercises

(a) What is the rise o'

the lire?

(p) What is the run of

the line?

(c) What is the slope of

the line?'

(a) What. is the rise of

the line?
_

(b) What is the run' of

the line?

(c) What is the slope of

the line?

83
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Y

6

5

3

2

1

6- 3 2 1 0 1 2 3 14

1
4L-

3

A Y

5

3

2

1
X

6"5 4 0 1 2 3 56
- d
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; 18-2

Lines with Negative Slop,

In the last lesson a the lines leaned to your right, and they

all had positive slope.

Lines that lean to yo left have negative slope: For these lines

you count up nd the jII of the line, but you must count over to

the left to find its run.

When you count to the right the run is positive.

When you count to the left the run is negative.

t Class Discussion

.8

2
I Y

X

1. (a) Does i
1

lean to yolr right or your lift?
0

(b) Is the slope of i
1

positive or negative?

(c). For i
1

rge
- -

(d) The slope of 22 =

84
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2.

Exercises

rise
Write the slope of each line by finding its

run

AY

6

14.

3

2

1

4 3 T2 1 0 12 4 5

X

2

3

5

-6

Ay

6

5

3

3 21 _o
1

2

3

1 5

X

G

85
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44.
Slope.

lY

6.

5

3

.41

5 '4 3 2

IBS

1

2

3

0 1 2
p

4 5

-4
5

Slope:
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Slope:

Y

5

4

3

2

1

5 3 2 1 L 3 5

2

3

-4

Slope:

ofs



7.

8.

5

4

3

2

1
X

No-
Slope:

5 -3 2 0 4 5
1
2

3

Ay

5
*so

3

2

411

1

5 3 2
1
2

-11

1 2 5

87
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Slope:

t
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18-3

The Y-Intercept of a Line

The slope of a line that does not pass through the origin is found

in the same way as the slope of lines that do pass through the origin.

Y

£2
e-

5

x > 3x

4

2

3 2 1 0 1 2 3 4 5

X

x +2

2

3

-4

5

Here are the graphs of

It has a slope of 3 .

What is the rise for 22 ?

21

21 and

What is the run for .0

2
?

22
21 is the line f : x ) 3x..

ghat is the slope of 22 ?

Even though both 21 and
22

have the saute slope they are

different lines.

One thing that is different about them is the point where they

cross the Y-axis.

What are the coordinates of the point where X
2

crosses the

y-axis? ( , ) What is the y coordinate of that point?

The y coordinate of the point where a line

crosses the Y-axis,is called the y-iritercept.

What is the y-intercept of I ?

88
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Here are the graphs of £,, i
1

, £2

. all have a slope of 3 .
...

Y

18-3a

1 £3 1 i4 ) and L5 . They

i

1
5

.

/
4

i
3

Nex

i
2

4
.0

1

.

3

1

.

a

2

.

,.,

.

III
,

-3 3 -2 0 1 2 3

"a.

-2

V

89
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Class Discujon*.

1. What is the y-intercept of

2. What is the y-intercept of 22

3. What is the y-intercept of 23 ?

4. What fg-the y-intercept of 24

5. What is the y-intercept of, 2,

6. Look at the graph of this.line 1 I mt I

What is its y-intercept?

What is its slope?

Can you draw other lines' that havea y-intercpt of 3 ?

16-3b

Will any of these other lines also have a slope of 2 ?

Can you draw other lines that have a slope of 2 ?

Will any of these other lines-also have a y-intercept of

3?

(g) Is line "10.,, the only like that has a slope o 2 and a

y-intercept of 3 ?

90



(h). Make a table of three inputs and three outputs for

f 2x + 3 and plot tile 3 points on the, graph ,

, of line "m" .

(1) Is line "me' the graph of f x 2x + 3 ?

In f x + 3 the 2 is the slcipe and the 3 is the

y-intercept.

: x 2x + 3

alope y- intercept

7. .(a) Make k `table of 3 inputs and 3 outputs for

g : x 4x + -2, and graph the function here.

1111 1111 =111
111111111111N 111111111 1=111 11 111

111
111 11EMBIM111111111
11111111111111M1101111111111E1=111IIM IN 111
111111=1111111.11111111ill
=1111111111111115111111111=111= 1,

1111111111 11 1M

?s,

(b) . Look at the graph of g : x 4x + -2 . What is the, slope?

:What is the y-intercept?

Again you can see from the graph you drew that

g: x + 2

Slope y-intercept

91
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18-3d

Now you can look at the graph of a line, find the slope and the

y-intercept, and easily write its function like this:

f : x -4 (slope) x + (y-intercept) >,.-

8. Write the function for this line.

Y

6

5

.0

3

2

1

6,- 4- 0 1 3 7 6

X
el.

2

3

-4
5

6

f : x-4

92
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9. Write the function for this line.

f

AY

3

2

3 -2 10 2 3 14

X

1

2

.3

1873e

It is easy to look at a function written in arrow form and see

what numbers are the slope and y-intercept of the function. Once you

know the slope and y-intercept you can draw the graph of the function

without making a tableof inputs and outputs.

You can plot one point on the line when you know the y-intercept.

r/ise\
You can start at this point and use the slope k---) to find

run

other points on the line.

J 93



18=3f

See if you can draw the graphs of these functions without

making a table of inputs and outputs.

2
10. f : x

3
x - 1 (Hint. Rewrite as addition.)

Y

5
h.

3

2

1

2-1 .o 1 3 4- 5

X

1

2

3

-4

.'11. f x 2x + 3

5

4

3

2

1

5 4 3 2-1 0 1 2 3 4 5
1
2

3

-4

1

94



12. f : x 14-x - 2

4 Y

3

2

4
1 x

4 32
1

1 2 3 4

Exercises

1. Write the slope, the y-inter

f : x

these lines.

(a)

s /ope =

y-inte cept is

95

18-3g

pt and the function, for each of

Y

a
7

6

5

ot,

411

1 x

-5 3 1_0 1

1

2

3

2 4 ; 6

7

I



e

C''.

.

(b)

slope =

y-intercept is

f : x -4

18-3h

Y

i

7

6

5

of
6-5 "IL 3 2

11

3

2

1

_ o
-1

1 2
lb.

X

3

-4
-,-
.i
6

.
2. Draw the graph of each of these

of inputs and oututs.

(a) f : x --)5x - 3

1

lines without making a table

r I
8

7

6

5
ii

3

2

1
X

-6 -: -4 -3 -2 1 -o
1

a

i

2

3

a P 3 4 5 6 7

-4

7

96
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(d ) k x -2x - 3

4

5

3

1

5 3 2 0 1 2 3 5

x

-2

3

98
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At

The Equation of a Line

The graph of this function is a line.

f : x 3x + 2

Class Discussion

1. What is the input of the function?

2. What is the output of the function?

3. Which is the output axis in the coordinate plane? .

18-4

A

(X or Y)

4. When you write the coordinates of a point, like (2,8) , or

(1,5) , or (x,y)' whfCh coordinate of the pair is the output?

(x or y)

You see that:

(xly)

output of
the pair

f : x 3x + 2

output of the
function

Since 3x + 2 is the output and y is also the output they are

equal. So,

y = 3x + 2

Here is another example:

So:

output of output of the
the pair function

=y = 3 x -

99

1



'Here is a third example:,
.

So:

1
k x x + 3

output of output of the
the pair function

function whose
graph is a line

equation of
the line

f : x 3x + 2 y = 3x + 2

g x -4 x - 5 y = 3 x -

k : x -4 =
1
x +,3

Equations like these whose graphs are lines are called linear

equations.

16-4a



2.

Exercises

(a) What is the slope of

this line?

(b) What is the y-intercept

of this line?

(c) Write the function for

this line.

f : x

(d) Write the equation

of this line.

Y =

(a) ''What is the slope of

this line?

(b) What is the y-intercept

of this line?

(c) Write the function for

this line.

f : x -5

(d) Write the equation of

the line.

101

18-4b

Y

5 1

3
2

-4 -3 2 0 1 2 3 4 5

X

3

IY *

5

2

1

5 -4 1 1 2 3

3

4 5

X



3. Write .the equation of each of these lines.

(a)

1y

5
it

3

2

1

5 3 2 - 0 1 2 4 5

X

3

1+

Y

(b )

it

2

1

5 3 -2 1_ 0
1

2

1 2 3

X

5

102

(c)

18-4c

Y

5

it

2

1

5 3 2 1_0
1

-n
-9-3

1 2 3 4 5

..

(d)

1Y

5

3

,---
k

1

-5 -4 -3 -2 -1 -1
0 1 3 4 5,

--, t

-2

5

\



41,

a

4. The equation of a line Ps

y 7 - Xg 4. 2 .

18-4d

(a) What is the slope of the line?
7 1

(b) What is the y-intercept of the line ?,

(c) Draw the graph of the, line without making a table of inputs.

and outputs.

1111111MENIM11111111
II0MMIIIIIM1111111111111111

11=1111111111111111111111111
1111111111111111111111111
1 111111111111111111M
NINEEMIMILIMIE111
111111111EIRMIEN 0 11111111311111
111111111111111110111
111111111111111MIMMEM
111111111111111111111111
IIIIIIIMEMINEMEN11111111
1111111111111111111111
111111=1111111111
11111121111/11111111.1
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5. Draw the graph of each of these lines without making a table of

inputs and outputs.:

5
.

(a) y = - 3 (Hint: Write this as addition.)

1E11E1111i 111111111=1
IMMIIII111111111111111111111

IMI11111111111111111E111
1111111111111111111111111111111

111111111111111111111111
111111111111111111111111111111011
111111311111111111 0 111111111311111
1111111111111111N1111111.1111
EMEN1111111111111111MMIIM
MEN1111111111111111111.1111
1111111111111119111111111IMMIE
11111111111111111111111111111111

1111111111111111111111111111

(b) y.-13-x+3.

5

4

2

1

1P-

5 3 2 1 0 1 3 2

X
op

c..

3

5

104
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. = ;57' x - 5

40'

Y
5

3

2

1

5 3 2 1 1 2 3 5

2

3

'105
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Solution of' Two Linear Equations

Here are some linear equations like the ones you graphed in the

last lesson,

y = 3x -1- 4

y = 3 x + 7

y= 12x - 3 -

Notice that these are different kinds of equations from the ones

you studied in Chapter 17. They have,two variables, x and y .

These equations do not have a single solUtion. Instead they have

many solut &ons.

The solutions of these equations are pairs of numbers. The pair

of coordinates of every point on the line is a solution of the equation

of that line.

You know that:

(1) if two lines are'parallel they do not intersect

or (2) if _they are not parallel they intersect in exactly

one point.

If we have the equations of two lines that intersect then the

pair of coordinates of the point of intersection is the only solution

of the pair of equations.

Class Discussion

1. Draw the graphs of these,

lihear equations.

y =
4

- 2

__) 's()y = 1
3
L_

and

3.

s

6

5

14

3

2

1

5 -1,
t -2 -1 Q 14 2 3 4 5 6

2

5

6

106
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(a) What are the coordinates of the point of intersection of

This is the soluqxTsofthe pair of lines?

the pair of equations.

CO What is the x- coordinate of the point of intersection?

(c) What is the y-coordinate of the point of intersection?

7

(d) Use these values of x and y to replace the variables

, in the first equation and do the arithmetic.

4
y = x - 2

4
+ 2

4. + 2

f

4,

(e) Is (3,2) a solution.of y =
4
x - 2 ?

(f) Use these same x and y values to replace the variables

in the second equation and do the arithmetic.

+3

4-3

(g) Is (3,2) a solution of y.
1

+ 3 7,

(h) Is (3,2) the only solution of this 'pair of equations?

y = - x - 2

and

y = 3 x + 3

107
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2. Draw the graphs of these linear equations.

a)

and

y= 3x +0

y = x 4'

5

2

1

4. X

5 3 2 1 1 2 3
ti

2

3

-4

.4

18-5b

What, are the coordinates of the point of inttrsection of the

pair of lines? ( )" This is the soltitiOn of the

pair of equatilons.

(b) Use the coordinates of the point of intersection to replace

the variables in each equation and dothe arithmetic..

y = -3x + 0 . and y = x 4

= -3 +0 +4

(c) Is (1,3) the only solution of the pair of equations

y =
-
3x 0 and y = x 4 ?

108
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Exercises t

1. (a) Find the, solution of theae two equations by graphing them

and writing the coordinates of their intersection.

"IR

and

y = 3x - 7

1

'
0

Y

3.
2

1

1

5 3 -72 1

1\C,

1

2

3

0 1 2. 3 4 5

X

-4-

.)

Solution ( )

(b) Check your solution by replacing the variables.in each

equation with the coordinates of the point of intersection.

y = 3x - 7

= 3 '7

7

109

y. = x + 0

-1.
.

2
+ 0



18-5d

2. (a) Find the solution of these two equations by graphing themi

and writing the coordinates of their intersection.

and

y = 2 x - 3

y= 2x 4. 4

I y

5

2

X

5 3 -2

2

3

0 1 2 3 4- 5

-4

Solution

V

(b) Check your solution by replacing the variables in'each

equation with the coordinates of the point of intersection.

y = 3 x - 3

3 . -3

-3

110

y= 2x 4. 4'

-2 +4

- +4

V
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Perpendicular Lines

You know that the axes of the coordinate plane are perpendicular

to each other.. I

We have marked points A(4,1) ; B(3,1) ; C(211) ; D(1,1) ;

on this graph.

A

5
4

2

1 D C

5 -3 2 1
1

2

0 1

A

3 5

X

V

Clags Discussion

1; * Place a piece of thiii paper over the graph. Use a straight-

edge and trace the coordinate axes. Label your tracing of the

X-axis and your tracing of the Y-axis 22 .

2. Stick the needs point of your compass through the intersection

of i
1

and 22 and into the origin of the graph.

111



18 -6a

3. Turn your tracing about the origin so that 21 passes. through

point A(4,1)

(a) Is 21 still perpendicular to 2 ?

(b) What is the slope of 21T

(c) What is the slope of 22 ?

(d) Multiply the slope of i, by the slope of i
2

1

Now turn your tracing/sb that £1 passes through point B(3,1) .

(a) Is i
1
1 i

2
?

(b) What is the elope of i
1

?

(c) What is the slope of i
2

?

(d) Multiply the slope of 21 by 'the slope .of i
2

(e) Is the product of theslopes still t4 same as in problem

3?

5. Turn your tracing so that i
1

passes through point C(2,1) .

(a) Is 21 1 22 ?

o

(b) What is the slope of i
1

?

(c) What is the slope of i
2

?

(d) Multiply the slope of 21 by the slope of 22 .

(e) Is the product of the slopes still the same?



18-6b

64 Turn your tracing once more so that £1 passes through point

D(1,1) .

(a) What is the slope of £1 ?

(b) What i.s the slope of £2 ?

(c) Multiply the slope of £1 times the slope -of £2 .

(d) Is the product of the slopes still the same?

These two ideas go together:

(1),. If two lines are perpendicular then the

product of their slopes is 1 .

(2) If the product of the slopes of two lines

is 1 then the lines are perpendicular.

7. Draw the graph of the line y = 3x + 0,. Label the line .Z1 .

Y

5

2

1

5 -2
1

2

3

0 2 3 5
ap
X

113 /7----Th
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Suppose we want to write the equation of line 22 that-has a

y-intercept of 2 and that is perpendicular to 21 .

(a) What is the slope of 2l ?

(b) What is the reciprocal of the slope of 21 ?

(c) What is the opposite of the reciprocal of the slope of 21 ?

(d) If 22 has this slope will it be perpendicular to 21 ?

(Multiply these slopes and see if their product

is 1 .)

(e) What is the equadOn of 22 ?

The slope of 22 is the opposite of the reciprocal Of the slope

of 21 .

(f) Draw the graph of 22 .

AY 2.

5 y 3x

2

1
X

5 -3 -2 0 1 2 3 5

2

3

C
1

(g) Does 22 look perpendicular to

114-
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8. (a) What is the slope of the line y =
2
x 3 ?

(b) What is the reciprocal of this slope?

(c) What is the opposite of the reciprocal of the slope?

(d) What is the equation of the line that has a y-intercept of

-1 and is perpendicular to y = 3 x 4. 3 ?

9. (a) What is the slope of y = x - 2 '1

(b) What is the reciprocal of this slope? (What

number multiplied by 1 equals 1 ?)

(c) What is the opposite of the reciprocal of the slope?

(d) What is the equation of the line that has a y-intercept of

5 and is'perpendicular to y = x - 2 ?

Here is the graph of. y = 2 . It is a horizontal Line.

ly

5

4

3
y . 2

1

5 2 1
1

2

0 1 2 3 4 5

X
IND

115
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Start at *(012) and count over 1 unit to the right. -Tkiis is

a run of 1. What is the.rise?

rise = 0

run 1

The slope of a horizontal line is zero.

Here is the graph of the line x = 3 .

ay

5
I I

1.

=2
3

2

1
PP.

5 3 -2 0 1 2 3 5

2

3

rC

V

Is 1e line x = 3 a vertical line?

Is it pertndicular to the line y = 2 ?

But the slope of y = 2 is zero. Is there any number that you

can multiply by zero and get 1 ?

There is no number we can give

as the slope of a vertical line.

It is meaningless to talk about the slope of a vertical line.

116
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aercises

1. Matching:

If you drew the lines for the equations below, you would find

that each line under B is perpendicular to a line under A..

Match the equations of the /perpendicular lines.

A

y = 5x + 7
8 1

(a) Y = 5 x - 7

f_ - : x + 2 (b) y =
1

x - 14
5

y = - . x + 0 (c) Y = 140 )6-
2 --f

3

4y= 73- x - (d) y = 4x -4

3 1
y = x - \( e ) y = x +

2

3 2

2. (a) eWhat is the slope of the line y = 5x -

(b) What is the reciprocal of this slope?

(c) What is the opposite of the reciprocal?

3

(d) Write the equation of the line that has a y-intercept of

10 and is perpendicular to y = X -

3.

4.

5.

Write the equation of the line that has a y-intercept of

-

is perpendicular to y =
4
x + 0 .

-7

7
TS
0

and

and

and

Write the eq4 ation of the line that has a y-intercept of

is
3 1

to y = x - v .
5

. .

Write the equation of the line that has a y-intercept of

is perpendicular to y = 5x, +

14

117
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Parallel Lines

. Class Discussidn

Here is the graph of ,y = -4x - 1

'(a) What is the equati6n

of the Iine
1

that

diasS-y-intercept of

and that is per-

pendicular to

y =-/+x - 1 ?

(b) What is the equation

of the line
22

that

has a y-intercept of

2 and that is per-
*,

pendicular to

y = 4x - 1 ?

I y

5

4_

3

2

X

5 3 2 1 1 3 5

2

5

V

(c) Draw d
2

on this graph.

(d) If two lines e perpendicular to the, same line are they

parallel to each other?

(e) Is 21
211 ?

ak.

(f) What is the slope of 21 ?

(g) What is the slope of 22 ?

(h) Are these slopes equal?

lf,two lines are parallel they have the same slope,

and

if two lines, have the same slope they'are parallel.

118 .
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Exercises

1. If you drew the lines for the equations below, you would find

that each line ladder B is parallel to a line under A . Match

the equations of the parallel lines.

A B

Y = 3x -'2,1 (a) y = 4-x - 123

3 1
y = 4. x + 5 (b) y=7x+ 1

-

y = 17x + 6 (c) y . 3x + 0

Y = B x - 7 (d) y . -5x - .,i.'

1
5x z,+ (e) y = 17x - 20

2. Write the equation of the line that has a y-intercept of 8 and

that is parallel to y =
2
x - 2 .

3. Write the equation of the line that has a y-intercept.of 5 and

is parallel to y = 7x + 23 .

4.
5Write the equation of the line that has a y-intercept of 7 and

is parallel to .y = 5 x -

-a,

119
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ot"
Absolute Value and Distance

On the number line, you knbw that 3 names an integer that is

three units to the right of zero,
41e),-+-

B C

o 3

and 3 names an - integer ;that, is three units to the left of zero.

3 0

Point A and point C are both the same distance from point B .

That is, AB and/ CB have the same length.

B C

A

0

B

0

3

b .

Since it doesn't make sense to talk about negative distances or

negative lengths, we need some way to show that the distance between

some number and zero on the number line is a sitive number. We call

this distalce the absolute value of the numb r. So the absolute value

of 3 is 3 and the absolute value of "3 is 3 . This is the same

thing as saying that AB and BC are both 3 units long.

Instead of writing "the absolute value of" every time we want to

refer distance on the number line we put vertical bars on both

sides f the umber like this:

of "3" . So

1-31 . This is read "the absolute value

1-31 = 3 and

120
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Here are a few more examples.

1-51 = 5 and 151

1-171 = 17 and 1171 = 7

1391 = 39 and 1391- = 39

Class Discussion

1. Here is a number line with some of the points named by letters.

Find the distance from the origin) R , to each of the following

points. (Hint. Remember, distance is always positive.)

Q P V S R A, D E C B X

5 -4 3 -2 1 0 1 2 3 4 5

(a) D E

(b) V (g) A

(c) B (h) R

(d) L (i)

(e) P *C

2. What is the common name for each of the follOwing?

(a) 1-81 = (f) 1-61

(b) 171 = (g) 1-41 =

(c) 1-91 = (11), 151 =

(d) 12.1 = (i) =

(e) 121 =

121'
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The distance between two points on the number line is always

shown by a positive number. If A and B are two points on the

number line,

A

then the distance between A and B is the same as the distance
k

between B and A. On this number line,

A

it

1 0 1 2 3 4 5 6 7

lbw

the distance between B and A is found by subtracting the coordinate

of A from the coordinate of B .

7 - 2 . 5

The distance between A and B must also be 5 If we

subtract the coordinate of B from the coordinate of, A the answer

-is a negative integer.

f 2 - 7 = 5

But you know the distance must be a positive number. On this

nuthber line,

the distance between B and A is

-5 - (-4) = 5 + 4 %.

9

So, thedistance between A and B must also be 9 . But if we

write --4 - 5 we get

4 -4 - 5 . -4 -5

9

122
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which is agaiha negative integer. You know it doesn't make sense

to talk about-a negative distance but if we use the idea of absolute

value we can get away from this. Look at this example:

If the distance from A to B is 4 - 5 we

an write this using the absolute value symbols,

like this

14 - 51 .

Then we do the arithmetic inside the verticar bars first. So,

14 -51 1-4 +51

= 191

=9

By doing it this way, we always get a positive number for the distance.

Mere is one more example:

Find the distance between C and D .
die

C D

-5 -4 -3 2 1 0 1 2 3 4 5 6 7 8

We can find this distance in two ways.

Like this:

18 _ -51 . 18 4. 51

= 431

. 13

or like this:

I-, - 81 = 1-5 + -81

1-1'31

13

You can see that as long as you do the arithmetic inside the

absolute value bars, it makes no difference wtether the problem is

18 - 51 or I-, - 81 , The answer will always be positive.

123
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Exercises

1. Find the value 'for each of the following:

(a) 181 = (f) 118 - 5 1 =

(b) Dol.= (g) 13 71 =

(c) 123 - 21 = (h) 17 - 31 =

(d) 12 - 231 = (1)- 13 2 - 7 =

(e) 15 - 181 = (i) 17 2 - 3 1-1 =

2. Find the distances between the following points marked on this

number line.

A B C D E F44-0 i I 1 I i i i - , I - I11110.
4 3 2 1 0 1 2 3 f

f

4 5 6 7 f 8
'1

3 7.5
(

.(a) A and C (f) A and F

(b) B and C (g)
and

(c) C and D (h) F and E

(d) E and C (i) C ,and B

(e) B and E (j) F and A

3. (a) On this number line, locate the points A and B so that

the distance` between A and P is 5 and the distance

between B and P is 5 .

P4111-1 I I I 1I
-8 -7 -6 -5 -4. -3 -2 -1 0 1 2 3 5 6

(b) What is the distance between A and B ?
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The Coordinate of the Midpoint of a Segment

18-9

In the, chapter on congruence you learned to bisect a line

segment.

A M

The point of bisection, M , is called the midpoint of AB .s Now

you will learn how to find the coordinate of the midpoint of a segment.

Class Discussion

PointsAl B, CI and D are shown on the number line below.

Use this number line to answer the questions that follow.

1. (a) What is the coordinate of the point half-way between C and

-D ? This is the coordinate of the midpoint of CD .

(b) What is the coordinate of C ?

(c) What is the coordinate of D ?

2 + 8
(d)

2

125

; V



18-9a

2. (a) What is the coordinate of the point half-way between A

and B ? This is the coordinate of the midpoint

of AB .

(b) What is the coordinate of A ?

(c) Whateis the'coordinate of B ?

I

3. (a) What is the coordinate of the midpoint of AD /

(b) What is the coordinate of A ?

(c) What is the coordinate of D ?

-6+8
2

4. On this number liner

A B

-2 -1 0 1 2 3 l. 5 6 7

(a) The coordinate of A is

(b) The coordinate of B is

(c) The coordinate of the midpoint is

5. Suppose a and b are the coordinates

number line (a--and b are numbers).

A

'a

2

of A

B

m b

or

and B on the

Write a formula for finding the coordinate of the midpoint m .

(Hint. -look at your answers to part (d) in Problems 1, 2, and 3.)

126
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18-9b

Exercises

1. Find the coordinate of the midpoint of the following line segments.

Example. The coordinate of the midpoint of AC is

-8 + -2 10

2 2
or 5

(a) The coordinate of the midpoint of DF is

or

(b) The coordinate of the midpoint of CE is

or

(c) The. coordinate of the midpoint of AD is

(d) The coordinate of the midpoint of BF is

(e) The coordinate of the midpoint of AF is

127
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a + b
2. Use the midpoint formula = m to find the coordinate of the

2

midpoint of a segment whose endpoints have cobrdinates a and .b .

Example. A = -3 , b = 9

18-9c

a + bm-

6
=

m = 3

3 4. 9
2 ,

(a) a =,0 1 b = -10 (d) a = -1 1 b = '8

m= m_

Cb) a = -12 1 b = -4

m

(c) a = 12 1 b = 18

m_

128

(e) a = -7 b = 16

m -

m-
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18-10

Distance Between Two Points in a Plane, Part I.

You know how to find the distance between two points on thd number

line when you know the coordinates of the points. For example) of this

number line

A

-5 4 3 -2 -1 0 1 2 3 4 5

the distance between A and B is

1-5 31 = I5+ 31

= 181

= 8 .

If you go therother 'Twaythen the distance between B and A is

13 751 = 13 +5(

=

We can find the distance between two points in the coordinate

plane when we know the coordinates of the points. First we will

talk about the distance between two points that are on either horizontal

or vertical lines but are not on the axes.

129



1.

Class Discussion

1111111MINSIMIIII11 A 111111111111111
111111111E 1111111111111IMES= 111111111
1111111111111111111111IIII 1111

B

11111111111r1111111111111111.1

Q. 0 IMMITIMIIIIIMM111111=
1111111111111141111111111M1
111111111111111111111
IIIIIII1111111111111:1111=11111E
111111111511111111111
11111111111111111

-6

(a) What are the coordinates of point C ? (

18-10a

(b) What are\the coordinates of poiiit D ? (

(c) What is the length of AB ?

(d) Is the y-coordinate of C the same as the y-coordinate

of A?

(e) Is the y-coordinate of D the same as they- coordinate

of B?

(f) What is the length of CD ?

130



I

2.

18 -lobI
MILM11 1111111111 11111111MEM

1111111111M11111111111MR
1111111121E11111910 11313EMIll1111 11 11M11

11E11111111110
11111111=1111111111
IIIIMMIMPOIM111111"

(a) What are the coordinates of point G ? )

(b) What are the coordinates of point H ? (

(c) What is the length of EF ?

(d) Is the x-coordinate of E the same as the x-coordinate

of G ?

(e) Is t1 ,x- coordinate of F the same as the x-coordinate

of H ?.

1

What is the length of GH ?(f)

To find the distance between two points that lie on a line parallel

to the X-axis:

'4

Find the absolute value of the difference

of the x-coordinates.'`

To find the disttnce between two points that lie on a line parallel

to the Y-axis:

e'

Find the absoluteAralue of the difference

of the.y-coordinates.
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18-10c

Examplc 1.

Find the distance between two points A and B whose coordinates

are A(-412)^ and B(5,2)

Solution.

1-4 - 51 = 1-4 + -51- F.

_9

The length of AB is 9 .

0"

Exam_ple 2.

i y

o.

6

5
4

3
JOA(-11.i2) 2 B(502) -

1

f

X
iii. ,

"6 -5-4 "3-2-1-10 1 2 3 4 5 6

3

t

Find the distance betieen two points, C and D whose coordinates

are C(31-3) and D(3,2) .

Solution.

- 21 + 21

1-51

=5
re'

The length of CD 'is 5 '.

. Y

...

51

4 ,
1 .
2 D(3,2)

1
X..-...

5 -L-3 2 1
i

_ 0 1 2 3 4
1

4. .

3

-4
C(3,73)-

5

V
. ...

132
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18 -3.od.

Exercises

1. On this coordinate plane some points have been located. Find, the

length of the folloWing line segments.

1,4

F
5

A

C

2
E 1 D

3 -2 0 1 2 3 5

X

H

GO

2

3

3

J

B

(a) 71

(b) CD

(c) DE

(d) FH

(e) GJ

(f) 17d

(g) FA

You can find distance even when the points are not shown on a

coordinate plane.

2. °Find the distance between two points, A and B , whose

ei,...,_coordinates are A(2,5) and B(2,-3) .

3. Find the distance between two points,' C and D , whose

coordinates are C(5,4) and D(6,-4) .
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Distance Between Two Points a Plane, Part II.

18-31

In the last lesson you learned how to find the distance between

two points in the coordinate plane if the two points are on a line

parallel to either the Xaxis or the Y-axis. Now you are going to

learn how to find the distance between m. two points in the coordinate

plane.

Class Discussion

On the coordinate plane below, we have located two points A

and B .

lY

8

7

6

A

5

4

2

B

1
X

5 3 2 0 1 2 4 5 6 7

3

6

1. Write the coordinates of points A and B in the blanks

beside these points.

'2. Use your straightedge and draw AB .

3. Is AB on a line parallel to'either axis?
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18-11a

4. Use your straightedge and draw the vertical line that passes

through point A .

5. . Use your straightedge and draw the horizontal line that passes

through point B .

6.. Do the two lines you just drew in rsect? 4

7. Label the point of intersec P . What are the coordinates

of point P ? (

8. What kind of a figure is formed by AP Pr and AB ?

If you followed the above directions correctly your figure should

look like this.

11111111=11
1111111111=1111111111
1111111EIMMEME111111111EIBEE1111111111011111111,1111111111111111111111101
1111RIMENIMILI BIM MO
1111111111211111111IIIIIM1111
11111111111111M11151131611111111111 II1111111MIIIMIII
111111IMIIII1111111111111111111111111111111111=111
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0

18-11b

You know that the vertical line through point A and the

1154izontal line through point B are perpendicular to each other at

point P So, the angle at P is a right angle, APB is a right

triangle, and AB is the hypotenuse ofthis triangle. To find the

length of AB you use the Pythagorean Property. That is, for all

right triangles

a

if a is the length of one leg of the triangle, and b is the length

of the othet leg of the triangle, then the square of the length of the

hypotenuse; c , is found by the formula

c
2

a
2

+ b
2

, so

c = yla2 +'b2 .

9. For the right triangle APB :

(a) What is the length of AP ?
t..

(b) What is the length of "A*, squared?

(c) What is the length of BP ?

(d) What is the length of BP , squared ?

(e) What is the sum? (length of T.13
2

+ length of BP
2

)

( f ) What is the square root of the number you got for an answer

to part (e)? This is the length of AB .

.136
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We will summarize what we just did.

Ail .'

anmmunno B

111111111M1121111111111E111111

11111111111111111
1116111111131E!!!! 0 31111131111111

(1) The length of Xf is 17 - 31

(2) The length of BP is 14 - it

(3) The length of AB = A 2 + 3
2

=.116 + 9

475

=5

137

' 9)

or 4

or 3.
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18-11d

Exercises

On these coordinate planes) plot the points A AO B . Draw

the vertical line through A and the horizontal line through B and

locate point P . Then find the length of AB .

1. A(-2)-2) B(1)-6)

Length of AB =

2. A(4)3)
,

B(4)3)

Sy

5

1+

1

2

1

5 -11 3 2
1

3

5

0 1 2 3 5

ky

5

2

1

5 L 3 2 1 0 L 2 3 5

X

3

5

138

.Length of AB =
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3. A(r6,7)

II NTI MMIINNEM11
11111111111111111111111111II1111111 11IIIZERIE 0 MEES
11111111111ENEWIIMMIN1 11

4. A(3,4) , B(6,-2)

1111111111111E111111011111111
1111111111111111111111111

iiiiiiiiiiiiiii
11111111111111111111111111111
11111111111111111111111111111
1111111111111111111111111111111M C 110 MEM=
111111111111111111111101111111
111111111111M111111111111M
11111111111191111111111111111110
11111111.111111111111111111
111111110111111111.111111111
11111111111111111110111111
111111M11111111111111111
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Length ,of AB =

Length of AB =



,1

. SUPER BRAITBOOSTER.
1

.18 -11f

5. Suppose we have a point A whose c rdinates are (x2,y2)

(x2 and y2 are numbers) and a poin \B whose coordinates

are (x
1/
y
1

) . (x
1

and y
I

are numberN different from x
2

and y2) .

f

Then the coordinates of point P are

Use the absolute value syMboll what you know about finding the

(x21Y1)

Or.

distance between two points on a line parallel to either the

X-axis or Y-axis, and the Pythagorean Property to see if you can

discover how we got this formUla for finding the length of AB .

Length of AB = )( 1x2 2...x/12 + ly2 - y112



18-P-1

Pre-Test Exercises

These exercises are like the problems you will have on the chapter

test. If you don't know how to do them, read the section again. If

you still don't understand, ask your teacher.

1. (Section 18-1)

For this graph:

(a) What is the rise of

the line?

(b) What is the run of

the line?

(c) What is the slope of

the line?

I

14- 3 -2 1

5

'2

1

2

-5

1 2 3 4 5

X

2. (Section 18-2)

(a) Lines that have a positive slope lean to your

(b) Lines that have a negative slope lean to your

141
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3 (Section 18-2)

Here are two lines, 21 and 22 .

(a) What is the slope

of 21 ?

(b) What is the slope

of 2?

4. (Section 18-3)

Here is the graph of 21 .

18-P-2

111111111111111111111111111111
1111111111111111111111111111
1111111101111111111111111111111
1111111111111111111111111111

11111111111011111111EMMIN
11111111111111311111M11111111111

1111111211111011111111111111
IIIME2111111.11131111111
IMIIIII11111111111111011111=111
INNIENEMS11111111111111
NE111111=1111111110111111111
111111111111111111MIIMIll

111111111.111111111011111111

(a), What is the y-intercept

(b) What is the slope

INNEEMEI A11111111111110110 OF111111111111111

3

11111

of ?
1

of
1

?
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5. (Section 18-3)

Write the slope: the y-intercept: and the function for this

18-P-3

line.

(a) Slope is

(b) y-intercept is

f:xa

6. (Section l8-)

Without making a table of inputs and outputs: draw the graph

of f : x -43x + 2 .

2

MOMEMMOMINIMMEM
INIMMEMUMMEMEMEM
MEMMMEWOMEMOMM
MMEMMM MMMEMMUMMIIMMEMEMMEMMI
MMEMEMENMEIMME
MEMMEMEMMEMMMM
MIIMMOMEMMUMMEMED
IMEEMEEM0W3MMEMM
MOMMEMENMEMEMMEM
MMEMEMMINIMUMMEMMMMEMEMEMMERM
EMMOMMINEMMIMMEM
MMEMMEMMEMMUMMEO
MMEMMEMMEMMWOMME
MMEMEMEMEMOMMEM



7. (Section 18-4)

Here is the graph of 22 .

(a) That is the slope of

this line?

(b) What is the

y-intercept of this

line?

Write the function

for this line.

f xu-a

(d) Write the equation of

this line.

y =

8. (Section 18-4)

Without making a table of inputs and outputs, draw the graph of

y 3 x + 7 .

18-PA

2
2

5

2

1

5 2 1 0 1 2
1

3 4 5

2

ri

AY

5

4

3

2

1

5 2
1

2

3

144
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18f.P-5

9. (Section 18-)

Find the solution of these two equations by graphing 'them and

writing the coordinates of their point of intersection.

y = 3x +

and

= 2x + 3

The solution is

10. (Section'18-6)

4y

5

2

1

5 -4 2
1

2

0 3 4 5

X

-1+

-5

(a) What is the slope of the line y = 11x ?

(b) W is the reciprocal of the slope of the line

y kx ?

(c) What is the opposite of the re iproCal for part (b)?

(d) the equation,of the ne that is perpendicular to

L -3y 4x + and has a y-intercept of 6 .

11. (Section 18-7)

Write the equati-on of the line that has a y-intercept of 9 and

is parallel to the line whose equation is y = x + 5 .

Y =

I 1115



12. 1 (Section 18-8) ,

Find the value for each. of the following:

(a) 181 = (c) 13 71 =

CO 1101

13. (Section 18-8)

What is the distance between points:. d B ?

A_

(d) 1-5 - 101 =

14. (Section 18-9)

What is the coordinate of the midpoint of AB ?

15 (Section 18-10)

Find the length of the following line segments.

(a) TB

I (b) c75

7

6

5
4 A :21 4)

2

D(

46

-44 2) 1 C(

-6 -;-14 3 2 1

O

1

2

3

0 1 2. 3 4

712

5 6 7'"

5
76

,2, 5

146
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1

16. (Section 18-11) .

Find the distance between point A and point B .
.

4

,s

iY

Er

5

4

3.

2

.01

II

-5 3 2 1 _o 1 2 3 4 5

X

-2

3

i
/

6

The length of AB is

147

4'

18-P-7
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Test

1. For this graph:

(a) What is the rise of

the line?

CO What is the run of

the line?

(c) What is the slope of

the line?

Y

18-T-1

5

4

3

2

1

5 -4 3 -2 1_ 1 2 3 5

2

3

5

2. (a) Lines that lean to your right have a

(b) Lines that lean to your left have a

3. Here are two lines,

Li and X
2

(a) What is the slope

of /1 ?

(b) What is the slope

of X
2

?

slope.

slope.

4

148,



4. Here is the graph of Li .

(a) What is the

y-intercept of /1 ?

(b) 'What is the slope

of /
1

?

L.

5
4

5 3 -2 1
1

2

3

5

0 1 2 3 5

X

5. Write the slope, the y7intercept,and the function for this line.

(1) Slope is

(b) y-intercept is

(c) f -4

A
Y

5

2

1

5 3 2 1
1

2

,3

0 1 2 3 5

4

V



18-T -3

6. Without making a table of inputs'and outputs, draw the graph of

f : x -)2x 3.
11110111111111111111111111111111111
IIIMEIMEIRI1111111111111111
1111111111111E1111111111111111111
111111111111111111111111111111111
11111111111111111111111111111111111
1111111111111111111111111111110111111
1111111111111111111111111111111
11111111111111111111111111111011111
IIIIERINIERNI 0 312111213111111
11111111111111111111111111111111
11111111111111111111111111111111111
111111111111115111111111111111111111
1111111111119111111111111111111111
1111111111111111M1111111111111111
111111111ME111111111111111111
1111111111111111111111111111111111

7. Here is the graph of 22 .

(a) What is the slope of

this line?

.(b) What i \the y-intercept
of this ine?

(c) Write thd function

foi. this line.

f : x -a

1011111011111111M11111111111111111
11111111111111111M11111111EAMII

111111111111MUMM1111111111111111
1111111111111111/211111111111111111111
1111111111111M111111111111111111111
1111111111011111111111111111111111111
111111110.2111111111111111111111111111
111M11111111111111111111111111111111
1111111111111111111111111111111111111

11111111111111111111111111111111
13.11111111

111111111111111151111111111111111111
111111111011111111111111111111111

(d) Write the equation

of this line.

y =

15 GI
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8. Without making a table of inputs and outputs: draw the graph

of y = 3 x +5

9
8

7
6

5

3

2

1

X

5 3 2 0 1 2 3 4 5

9. Find the solution of these two equation by graphing them and

writing the coordinates of their point f intersection.

y= 2x +1

and

y = 2x 3

The so tion is

5

3

2

1

-5 -3 2 1
1

2

3

1 2 3 5

X

5

151
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18-T-5

10. (a) What is the slope of y = 3x 5 .

(b) What is the reciprocal of the slope?

(c) What is the opposite of the reciprocal for part (b)?

(d) Write the equation of a line that is perpendicular to

y = 3x + 5 and has a y- intercept of 3 .

Y =

11. Write the equation o4 the line that hali a y-intercept of 5

and is parallel to the line whose equation is y = 3 x + 7 .

Y =

12. Find the value for e h of the following:

(a) 1121

(b) 181

(c) 15 - 91 =

(d) 13 - 71 =

13. What is the distance between points A and B ?

14. What is the coordinate of the midpoint of AB ?

152
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ar

,

15. Find' the length of the following line segments.

(a) Length of AB

is .

(b) Length of CD

is

YA

18-T-6

5
4

'
AI3,5).

3

2

3.

5 -11 -2 -1

C ( -4 2)

1

2

3

4

0 1 2 .3 4 5

D

Xs.

'5, -2 )

.)

i

B(

V

7)

16. Find the distance between point A and point B .

Y

A( 5

9, 5) 4

3

2 4
,

1

41111

5 "4 -3 2 1
1

-2

3

0 1 2 3 4 5

X
a.

-4
5

Br4, -7'

I'

The length of I.T3 is

153,

1")8...,,,
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18-B-1

Check Your Memory: Self-Test

. 1. (Action 13-6)

-Fill the blanks. You may use your flow chart, page 7, if you

need it.

3

4.
(a)

(b )
1

+

7(c)
5

7
(d) 7

(Remember

7

3

1

10

1

to rewrite subtraction problems as addition.)

2. (Section 13-11)

Fill the blanks.

(a) =

(b) .6 =

(c) .7=

(d) 5% =

(e) =

(f) 130% =

(Write a fraction.)

(Write a decimal.)

(Write a decimal.)

(Write a decimal.)

(g) 75% = (Write a fraction.)

(h)

1:0

Ivo



4,

(Section 13-10)

Use scientific notation to write thes.

(a) 34x63 =

(b) .00982

(c) 768,000 =

(d) ".015793 =

(e) 5976.31 =

4. (Sections 14-4 and 14-5)

41.

18-R-2 ,

(a) For the circle below: 0 is the center and AB is the

diameter. Construct a right angle with the vertex at

point C .

155.



18-R-3

(b). In the figure below, line the perpendic

of AB .

91

L AMC = L BMC because

CM = because

Therefore A AMC = A by the congruence property.

What kind of triangle is AMC ?

156
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18-R-4

5. (Section 16:4)

Find the length of the hypotenuse of each of these right triangles.

(a) (b)

5

a
2

-I- b
2

= c
2

- 24

10

a
2

b
2

= c
2

2 2 2 2 2 2
= c

2
= c = c

2

= c
2

= c
2

= C = C

157
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6. '(Section 16-2)

Find the area of each square.

5

Area =

(b)

Area =

ti

18-R-5

Find the length of the side of each square.

(c) (a) (e)

Area = 29 Area = 36 Area = 320

= = S =

7. (Section 16-10)

(a) Find the area of a circle whose radius is 10 inches.

(use A P-- 3.14) A sq. in.

(b) Find the area of a circle whose radius is IT ft.

(use
272)

sq. ft.

Now check your answers on the next page. If you do not have them

all right, go back and read the section again.
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Answers to Check Your Memory: Self-Test

f3
1. (a)

( b )

(c)

(a)

13

13
10

3

2. (a) 25%

(b.) g

(0) 70%

(a) .05

(h) 150%

3. (a) 3.4063 x 101

(b) 9.82 x 10 3

(c) 7.68 x 10'

(d) 1.5793 x 10 2

(e) 5.976431 X 104

159
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18-R-7

4... (a) The easiest way is to draw and ' .

L ACB is a right angle.

(b) MA = MB because £ bisects AB .

L AMC = L BMC because line 1 AB

CM = CM because it is the same segment.

AMC = 6, BMC by the SAS congruence property.

C6,1:C is an isosceles triangle.

5.- 5
2

+ 6
2

= c
2

25 + 36 = c2

61 = c2

102 + 242 = c2

100 + 576 = c2

676 = c2

26 = c

6. (a) ,A = 25

,(b) A = 27

(c) s = 2

(a)

/ (e) s = 1/5f5 (or 8

7. ,(a) A 314 sq. in.

(b) A 44 sq. ft.

15 because 1/557 =

=

=

164

16-4

8

5

15

1/5 )
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